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PREFACE 

Is  spite  of  continuing  improvements  in  safety,  performance  envelope  and  reliability  of  present  operational  aircraft 
escape  systems,  further  upgrading  is  desirable  particularly  with  respect  to  high  airspeed,  advene  aontide  and  low  altitude 
recovery.  Reduction  of  escape  fatalities  or  injuries  and  out-of-the  envelope  ejections  are  the  pncaary  goals.  Escape  from 
hypersonic  vehicles  and  spacecraft  are  additional  challenges  of  the  future.  Advanced  technologies  impact  escape  systems  in 
two  ways:  increased  aircraft  (and  space  systems)  performance  expands  the  requirements  envelope  and  advanced 
technologies  in  aerodynamics,  materials,  control,  propulsion,  avionics,  sensors  and  crew  proteaiea  enable  the  design  of 
intelligent  escape  systems  with  automatic  hazard  assessment  and  adaptation  to  the  specific  situational  need. 

This  Symposium  assesaes  technological  advances  in  all  areas  which  affect  overall  escape  system  performance  and 
capabilities.  The  multi-disciplinary  discussions  is  centered  on  new  studies,  development  efforts,  human  tolerance  and  system 
design  criteria,  and  tests  that  highlight  advances  in  overall  system  capabilities  snd  future  opportaaties. 


PREFACE 

Malgrc  Ics  ameliorations  qui  soot  ap port ees  a  la  securite,  a  la  fiabilite  et  aux  performances  dea  systemra  d’evacuation 
des  aerooefs,  dra  perfectionnements  soot  too  jours  a  souhaiter  en  ce  qui  conceme  le  vol  a  grande  vitesse.  ira  positions 
inhabitudlra  et  la  recuperation  4  basse  altitude.  Toutes  era  ameliorations  oot  pour  objectif  principal  de  redu ire  le  nombre 
tf  accidents  monels  ou  blessures  survenant  suite  a  r evacuation  de  I'aeronef,  ainsi  que  le  nombre  (rejections  hors  envdoppe 
de  vol  L 'evacuation  dra  vehicuta  hypersoniqura  et  spatiaux  eat  un  defi  pour  I’avenir.  L 'impact  dea  eechnologira  de  pointe 
dans  Ira  systemra  cTevacuaaon  se  repercute  de  deux  facons:  dune  part  I'acctoissement  dra  perfonaancra  dra  aerooefs  et  dra 
systemra  spatiaux  augmenie  Ira  specifications  dans  Tenveloppe  de  vol,  et  d’autre  part  Ira  technoiogia  avancera  dans  Ira 
domainra  de  facrodynamique,  dra  matenaux.  du  controie,  de  la  propulsion,  de  I'avkmique.  dra  captain  et  de  la  protection 
du  personnel  navi  gam  permanent  la  realisation  de  systemra  d'fvacuation  imeUigrats  avee  prevision  automatique  de  risque 
de  tfadaptadon  aux  besoms  coojuncturels. 

Ce  Symposium  foil  le  point  dra  pr  ogres  realises  dans  torn  Ira  domainra  a  yam  une  influence  sar  le  fonctioanement 
global  et  Ira  capacrtes  dra  systemra  <T  evacuation.  Le  debat  pluridriciplinaire  pone  sur  Ira  etudes  noaveiles.  Ira  projects  de 
developpetnent,  Ira  niveaux  de  tolerance  humaiiu  et  Ira  critlres  a  adopter  pour  la  conception  dra  systemra.  ainsi  que  sur  Ira 
essias  destines  a  mettre  en  valuer  Ira  nouvdles  poaribilites  dra  systemra  et  Ira  applications  futures. 
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L'abondon  de  bord  des  aEronefs  an  difficultE  au  coura  du  vol  eat  un  beaoin 
apparu  dAs  1* origin®  de  1* aviation  de  combat.  Au  coura  de  la  preaiAre  guerre  mondiale 
pluaieura  pilotea  durent  payer  de  leur  vie  1' absence  de  moyen  d'aide  A  1* Evacuation 
de  1 'avion  touchE  par  l'ennemi.  Entre  lea  deux  guerres,  l'utiliaation  systEmatique 
du  parachute  a  permia  de  rdaoudre  une  partie  du  problAme  juaqu'au  jour  oA  la  viteaae 
dea  avions  eat  venue  rendre  problEmatique  la  sortiA  du  pilote  et  haaardeuae  aa 
trajectoire  dans  lea  air a. 

A  partir  d'une  viteaae  de  l'ordre  de  300  A  400  ka/h  le  pilote  ne  pout 
quitter  lui-meme  son  avion  en  raiaon  de  la  preaaion  dynamique  exercEe  par  le  vent 
relatif .  De  plus  la  colliaion  du  pilote  avec  1' empennage  eat  trAa  eouvent  reaponaable 
dea  nombreux  accidenta  observEs.  DAs  lora  1' Ejection  par  aiAga  propulad  eat  le  aeul 
mode  d* Evacuation  de  la  cabine. 

C'eat  juate  avant  la  aeconde  guerre  qu'en  Allemagne  dEbutent  lea  Etudea 
d'une  aide  aEcanique  A  1' abandon  de  bord.  Elies  devaiant  conduire  rapidement  A 
l'utiliaation  opErationnelle  dea  premiers  siAges  Ejectables  et  A  la  fin  de  la  guerre 
il  y  avait  eu  60  Ejections  dans  la  Luftwaffe.  Depuis  le  nombre  d' Ejections  enregistrEes 
dans  le  nonde  dEpasse  trAs  largement  10.000. 

Mais  aujourd'hui,  au  cours  des  aisaiona  de  pEnEtration  tactiques  ou 
stratEgiquea ,  il  eat  devenu  particuliArement  important  de  voler  le  plus  vite  possible 
A  trAa  baase  altitude,  de  fagon  A  Echapper  aux  radars  et  aux  tira  dea  missiles  anti- 
aEriens  adverses.  Les  missions  d'attaque  au  sol  nEcesaitent,  elles  auasi,  le  vol  A 
trAs  basse  altitude  et  comportent  de  nombreuses  manoeuvres  d'Eviteoent. 

Ces  types  de  vol  constituent  des  conditions  trAs  dEfavorables  A  1* abandon 
de  bord  en  vol.  Si  1'on  se  rEfAre  au  travail  que  James  Brinkley  a  prEsentE  lors  de 
la  rEunion  de  notre  Panel  A  Williamsburg  en  mai  1984,  on  peut  considErer  que  60  % 
des  Ejections  fatales  de  l'USAE  pendant  la  dEcennie  1973-84,  ont  EtE  considErEes, 
par  les  commissions  d'enquAte,  comme  rEalisEes  hors  du  domains  du  si  Age  Ejectable 
utilisE.  DAs  lors  on  peut  considErer  comme  hors  domains,  les  Ejectio.  j  effectuEes 
au  dessous  de  150  a  et  A  des  vitesses  supErieures  A  600  kts. 

Pour  imprimer  au  pilote  assis  aur  son  siAge  une  trajectoire  de  aEcuritE 
Evitant  en  particulier  les  structures  arriAres  de  1' avion,  ou  les  pales  du  rotor 
principal  des  hElicoptAres,  il  faut  lui  donner  une  vitesse  d'autant  plus  grande  que 
celle  de  1* avion  eat  ElevEe  et  que  les  dimensions  de  1 ' empennage  sont  plus  importantes. 
Le  temps  dont  on  dispose  pour  atteindre  cette  vitesse  est  si  court  que  1' accElEration 
cat  nEces sal remen t  trAs  ElevEe,  A  la  limite  de  la  tolErance  huraine. 

Si  1'on  veut  donner  au  siAge  des  vitesses  supErieures  il  faut  augmenter 
la  durEe  de  1* accElEration  mala  diminuer  son  intensitE.  C'est  c»  qui  est  rEalisE  avec 
les  siAges  A  fusEe  autorisant  une  apogEe  de  la  trajectoire  d' Ejection  asses  haute 
pour  permettre  le  dEploiement  du  parachute  mAme  sans  vitesse  horizontale  initiale 
de  1* avion. 

MalgrE  cela,  dans  prAs  de  15  %  des  Ejections  rEussies,  la  survie  du  pilote 
n'est  obtenue  qu'au  prix  de  lEsions  parfois  sEvAres  du  rachis,  en  particulier  dorsal 
ou  au  niveau  de  la  charniAre  doraolombaire. 

En  fait  nous  n'avons  pas  encore  de  bon  modAle  de  la  rEsistance  vertEbrale 
A  1* accElEration.  L'un  des  plus  connus,  utilisE  par  l’USAF  est  A  un  seul  degrE  de 
libertE.  De  ce  fait,  1' index  de  rEponse  ou  “dynamic  response  Index*  n'est  applicable 
qu'au  oeul  axe  Gz  et  ne  peut  prendre  en  compte  des  positions  du  pilote  sur  son  siAge 
qui  reprEsentent  pourtant  un  des  facteurs  pathogEniques  les  plus  importants  dans  le 
mEcanisme  d* apparition  dea  fractures  du  rachis.  La  recherche  d’un  angle  aussi  petit 
que  possible  entre  l'axe  du  rachis  et  celui  de  la  poussEe  du  canon  devra  Atre  une 
de  nos  prEoccupationa. 

On  considAre  en  gEnEral  que  la  configuration  normale  de  l'Ejection  implique 
le  vcl  recti ligne  de  1' avion  sur  une  trajectoire  sensiblement  horiiontale  et  sous 
facteur  de  charge  unitaire,le  pilote  Etant  correctement  assis  et  sanglE  aur  le  siAge. 
Il  est  pourtant  clair  qu’au  cours  dea  missions  de  guerre  et  tout  spEcialement  au  cours 
du  combat  tournoyant,  l'Ejection  pourra  avoir  lieu  en  virage  sarrE.  L' accElEration 
engendrEe  par  la  manoeuvre  s'ajoute  alors  A  1 ' accElEration  du  siAge.  Dans  les  vrilles, 
1* accElEration  transverse  dEveloppEe  par  la  rotation  de  1* avion  placera  le  rachis 
en  flexion  forcEe  aggravant  les  risques  de  fracture. 
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Zl  ne  sera  uni  doute  pa*  facile  da  mettre  au  point  dM  Modules  prenant 
an  compte  tous  css  factaur*  et  11  sera  paut-4tre  encore  plus  difficile  da  las  va lidar 
pour  l'horae,  oa  aerait-ce  qu '  k  causa  du  risque  ancouru  par  las  sojets  volontairas. 
Wous  verrona  sans  douta  au  cours  da  cetta  reunion  ca  qua  I'on  past  attandra  da  la 
mlae  au  point  da  nouveau*  oannequina  anthropoawrphiquaa . 

One  fois  la  silqa  mis  k  fau  on  ast  tentd  da  mettre  au  plus  tfit  la  pilots 
sur  sa  trajactoira  par  axaapla  an  supprlmant  la  phase  da  largage  da  la  varriera.  La 
pilots  at  son  siege  travarsant  alors  la  varriera  pr 4 a lab lament  fxagllisda  par  das 
cartouchaa  pyro techniques .  On  paut  ascoaptar  un  gain  da  l'ordra  da  la  saconda  aais 
la  risqua  da  deterioration  das  equipanants  ast  plus  grand.  La  danger  qua  represents 
une  collision  avec  un  morceau  da  plexiglass  plus  ou  noins  voluminous,  prls  dans  la 
▼ant  relatif,  rests  difficile  k  precisar. 

La  principal  danger  qui  gust t a  la  pilots  k  sa  sortie  da  la  cabins  ast 
represente  par  la  prassion  dynamique  qu'exerce  la  vent  relatif.  Cetta  prassion  qui 
depend  da  la  densltd  da  l'air  varie  aussl  cow  la  carrd  da  la  rites  sa.  Cast  dire 
son  importance  lore  das  ejections  4  basse  altitude  at  grande  vitesse. 

Cetta  prassion  ast  responsable  d* effete  directs  sur  la  corps  at  an 
psrticulier  sur  Is  face,  tsls  qua  contusions,  petechias,  hemorragias 
aous-conjonctivaleo.  La  protection  apportea  par  las  equipanants,  risltre  da  casque, 
nasqua  n'ast  pas  toujours  suffisanta  at  il  n'ast  pas  rare  qua  cas  equipanants  soiant 
justenent  arraches  par  la  vent  relatif  avec  tout  ca  qua  cala  paut  supposer  da 
ddfavorabia  lors  das  ejections  realiseas  k  haute  altitude.  Hals  cetta  prassion  ou 
"force  g "  ast  parfois  k  1* origins  da  blessures  extrtaenent  graves  lieas  k  da  verltablas 
dislocations  sinon  srrschenants  da  la  t6te  at  das  nambres.  Il  a  ft 4  d4xkon.tr 4  qua  pour 
das  vitassas  da  l'ordra  da  450  kts,  la  prassion  dynamique  ast  da  l'ordra  da  30  kPa, 
at  qua,  dans  ca  cas,  la  force  da  coi  traction  muaculaire  n'ast  ni  asses  rapidement 
etablia  nl  asses  puiassnte  pour  s'oppcsar  su  deplaraaant  d'un  naafere  dans  la  vent 
relatif. 


La  protection  du  pilote  contra  ca  danger  devra  absolunant  *tre  prise  an 
conpta  pour  las  avions  futurs  at  apecia lament  dans  las  phases  da  conbat  oil  la  vitesaa 
d' ejection  ast  statistlquement  toujours  plus  grande  qu'h  1 ' antralnanent .  Bile  pourra 
faira  appal  solt  k  das  equipenents  portds  an  vol  par  la  pilote,  soit  1  das 
caracteristiquas  particuliferes  das  sieges  mals  necassitara  da  touta  fagon  da  difflciles 
etudes  da  balistlque  reallsdas  sur  models  anthroponorphique  an  souffierle  at  laur 
validation  au  cours  d' experiences  sur  sujat  hunain  posaront  Ik  ancora  das  probienas 
d'ethiqua. 


Dka  qua  1* ensemble  siege-pi lota  sa  trouve  dans  la  vent  relatif  celui-ci 
eat  souais  k  daa  nouvenenta  da  rotations  vers  1'avant  k  basis  vitasse  ou  vara  l'arriera 
pour  das  vitassas  plus  grandes  at  auxquelles  s' assoc lent  daa  rotations  lat4rales  droites 
ou  gauchas.  Or  ni  la  tol4rance  cardio-vasculaira  at  respiratoire  ni  la  tol4ranca  au:: 
affats  vestibulalres  das  rotations  ne  sont  excellent©*  chax  las  sujeta  non  antralnes. 
On  tantara  done  grflea  h  das  parachutes  atabilisateurs  ou  par  la  pouss4a  da  petites 
fus4as  d* appoint  da  maintenir  autant  qua  fairs  sa  pourra  la  pilote  at  son  siege  sur 
une  trajactoira  stabilises. 

Bn  ca  qui  concema  1' abandon  da  bord  das  heilcopteras,  la  probieme  eat 
tout  sussl  ardu  at  la  plupart  du  temps,  an  vol,  il  n' exists  qa’una  alternative 
1' autorotation  at  1' evacuation.  Encore  celles-ci  necesoitent-alles  la  contrdle  da 
l'apparail,  una  altitude  suffisanta,  daa  conditions  atmospherlquss  favorables  at 
notamment  da  visibilite,  un  terrain  d ' attarrissaga  convanabla,  etc...  Cetta  procedure 
est  da  touta  fagon  inadequate  pour  les  futurs  hacopteres  da  combat.  Pour  ceux-ci  il 
faudra  mattra  au  point  das  procades  d' ejection  selon  una  trajactoira  tr.  L  qui  pourrait 
4vitar  la  rotor  principal  at  sas  pales. 

Pour  las  heilcopteras  multiplaces  on  par la  depuls  d4jh  longtempa  da 
techniques  qui  permettralent  da  transformer  le  cargo  an  una  cabine  largabia  et 
r4cu parable  apees  separation  das  gros  morceaux  inutiles  moceurs,  queue,  rotors. 

C'est  vers  des  technologies  da  ca  type  qua  I'on  s'orlente  pour  eanter 
la  sauvatage  das  equipages  da  v4hicules  spatlaux.  Comma  pour  las  h4licopteres,  les 
moyens  d’ abandon  da  bord  font  cruellement  d4faut  an  astronautiqua.  La  trag4dia  da 
Challenger  doit  nous  inciter  k  proposer  des  moyens  d' evacuation  da  bord  au  moina  pendant 
la  tir  et  las  premieres  sacondas  du  vol  comma  pendant  las  derniers  instants  du  retour. 

Wous  aurons  probablamant  aujourd'hui  un  d4bi*t  da  r4ponss  k  cetta  question. 

Pour  *Her»ea"  un  projat  tree  ambitieux  est  k  l'4tuda.  Il  consists  k  djactar 
una  cabine  permettant  la  sauvetaga  des  troia  membres  da  l'equlpsga  dans  las  120 
premieres  seconder  apre*  le  tir,  jusqu'i  Mach  -  7  at  58  km.  La  codt  astlme  d'un  tal 
systems  ast  da  120  millions  $. 

Wous  allona  bientflt  parlor  da  technologies  da  points  aais,  nous  medecins, 
ne  devons  pourtant  pas  oublier  qua  ces  aeronafs,  ou  cas  v4hiculea  spatlaux  aont  sarvis 
par  das  hommas.  Caci  sousantend  en  particulier  qua  1' abandon  da  bord  raste  una  decision 
du  commandant  da  bord  at  qua  m&me  trfcs  autonatisea  alia  rests  una  procedure  falaant 
appal  e  la  participation  volontaire  d'un  fttra  conscient. 


Lm  respect  da*  consignee  d'djection  ast  la  fruit  d'un  entraineiaent  dan* 
1««  cabinea  d'adronefs  at  dans  lea  sinulateur*  au  eours  duquel  des  automatianas  doivent 
gtre  acquia.  Bn  effat  la  saule  connaissance  thdorique,  atoa  parfaite  das  procedures 
d'djaction  aat  insuffiaante  car  an  aituation  rdelle.  il  faudra  faire  trea  vita.  On 
■ait  qua  la  atreaa  pout  ralantir  la  tenps  da  reaction  at  paut  ®£iae  entrainer  1* inaction 
co«pl*te. 

La  volont*  du  pi lota  da  contrfiler  son  avion  jusqu*au  bout,  sa  hantiaa 
d'etre  li  1' origin*  d’una  cataatropha  pour  dea  populations  civiles  sont  aussi  un  factaur 
important  du  ratard  2k  la  prise  da  decision  d' abandon  da  bord. 

Kt  naintenant,  aprfcs  cea  qualquea  reflexions,  jo  crois  qua  nous  pouvons 
nous  »attxa  au  travail. 
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SUMMARY 

Transient  and  anqular  accelerations  significantly  affect  alrcrta  safety  during 
eaergency  escape  froa  aerospace  vehicles.  However,  due  to  the  scarcity  of  laboratory 
data  on  the  response  of  the  huaan  body  to  transient,  aultlaalal  acceleration,  criteria 
for  design  and  evaluation  of  escape  systeas  have  been  restricted  to  relatively 
slaptlstlc  Halts  of  acceleration  Magnitude  and  rate  of  acceleration  onset  for 
acceleration  vectors  acting  In  three  orthogonal  ases,  with  the  exception  of  the 
foot-to-head  direction  axis).  Hatheaatical  eodels  have  only  been  used  to  assess 
the  probability  of  Injury  for  acceleration  acting  In  the  *Z  axis.  Llalts  have  not  been 
specified  for  angular  acceleration.  The  United  States  Air  Force  Is  currently  engaged 
In  an  advanced  developaent  prograa  to  deaonstrate  the  feasibility  of  three-dlaensl ona 1 
thrust-vector  control  to  provide  ejection  seat  attitude  control  and  trajectory 
steering.  This  prograa  has  served  to  stiaulate  the  developaent  of  aore  coaprehens 1 ve 
design  and  evaluation  criteria  to  assure  that  the  thrust-vector  control  systea 
functions  without  causing  an  unacceptable  risk  of  Injury  to  the  escape  systea  occupant. 
A  aethod  was  developed  to  Halt  acceleration  exposure  on  the  basis  of  the  coaputed 
responses  of  three  orthogonal  dynaalc  aodels.  The  aethod  was  Initially  developed  using 
existing  data  froa  tests  with  huaan  subjects  and  experience  with  operational  escape 
systeas.  More  extensive  research  Is  now  ongoing  to  evaluate  and  laprove  the  aethod. 
lapact  experlaents  with  volunteers  have  been  accoapltshed  to  aore  precisely  define  the 
properties  of  the  dynaalc  response  aodels.  Escape  systea  test  data  were  analyzed. 
Including  aeasureaents  of  linear  acceleration  and  angular  velocity.  This  paper 
describes  the  acceleration  exposure  Halt  aethod,  suaaarlzes  the  results  of  recent 
lapact  tests  accoapllshed  with  volunteers  and  provides  revised  dynaalc  response  aodel 
coefficients  derived  froa  the  results  of  these  tests.  Recent  applications  of  the 
acceleration  exposure  aethod  Include  evaluation  of  the  perforaance  of  the  ACES  II 
ejection  seat,  developaent  of  the  CREST  advanced  escape  systea  technologies 
deaonstrator,  and  study  of  crew  escape  systeas  for  hypersonic  flight  vehicles.  Future 
research  directions  are  also  discussed. 

INTRODUCTION 

Specification  of  the  Halts  of  huaan  tolerance  to  short-duration  acceleration  Is 
an  extreaely  difficult  problea.  Ftrst,  experlaents  to  cause  Injury  of  living  huaans 
are  clearly  an  unacceptable  approach  to  acquiring  the  data  to  define  these  Halts. 

Tests  of  huaan  cadavers  allow  the  exploration  of  stress  levels  that  will  cause  Injury, 
but  the  results  of  these  tests  have  frequently  Indicated  the  likelihood  of  Injury  at 
levels  that  are  known  to  be  well  tolerated  by  volunteer  subjects  or  Individuals 
Involved  In  accidents.  Therefore,  one  aust  use  the  Halted  results  of  early 
experlaents  with  huaan  subjects  where  Injury  was  Inflicted  accidentally  due  to 
Ignorance  of  the  actual  risks.  Interpret  sketchy  Inforaatlon  available  froa  vehicular 
accidents,  and  develop  a  basic  understanding  of  huwan  body  dynaalcs  froa  tests 
conducted  at  non-lnjurlous  levels.  Second,  It  Is  difficult  to  extrapolate  froa  a  set 
of  conditions  known  to  cause  Injury  to  another  set  of  conditions  whose  effects  are  not 
directly  known.  In  the  Infancy  of  escape  systea  design  and  developaent,  aeroaedlcal 
research  was  focused  on  the  developaent  of  criteria  for  ejection  seat  catapults  (1,2). 
The  prlaary  Issue  that  was  addressed  was:  Hhat  set  of  acceleration  conditions  are  well 
tolerated  by  the  ejecting  aviator  but  will  also  provide  an  adequate  velocity  so  that 
the  seat  and  Its  occupant  will  clear  the  tatl  of  the  aircraft?  Although  a  rectangular 
acceleration  wavefora  would  provide  the  aost  efficient  aeans  of  developing  the 
greatest  velocity  within  a  given  catapult  stroke  length,  the  Investigators  deteralned 
expertaental ly  that  the  huaan  body  response  was  aore  violent  when  the  tlae  to  the  peak 
acceleration  was  vary  short.  The  acceptable  acceleration  condition  was  found  to  have 
the  wavefora  shown  In  Figure  1  (3).  For  catapult  design  purposes,  huaan  tolerance 
Halts  could  thus  be  easily  described  In  teras  of  two  paraaeters,  peak  acceleration 
level  and  rate  of  onset  of  the  acceleration.  This  saae  approach  was  used  to  develop 
the  huaan  tolerance  criteria  for  the  aerodynaalc  deceleration  phase  of  escape  froa 
high-speed  aircraft  and  the  developaent  of  the  ejection  catapult  for  downward  ejection 
seats  (4,5).  The  approach  seeaed  to  bo  adequate  to  deal  with  the  acceleration 
conditions  during  the  catapult  phase  of  eaergency  escape  and  In  the  Interpretation  of 
the  results  of  tests  with  volunteers  conducted  using  a  rocket-propelled  sled.  But  the 
Halt  paraaeters  were  difficult  to  apply  to  acceleration  aeasureaents  aade  during 
Inflight  or  r6eket-sled  tests  of  ejection  seats.  The  idealized  acceleration  profile 
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thit  »«J  presumed  to  use  the  two-par j.eter  exposure  limit  method  only  occurs  If  the 
ejection  seat  Is  aerodynamlcally  stable,  l.e..  Its  attitude  remains  fixed  with  respect 
to  the  mind  vector  throughout  the  deceleration  phase  of  the  escape  sequence. 
Unfortunately,  ejection  seats  are  not  aerodynaml ca 1 ly  stable. 


ACCELERATION 

(S) 


TIME  (MILLISECONDS) 


Figure  1.  Acceleratl on-TIme  Profile  of  the  N-5  Ejection  Catapult  (3) 

Although  Investigators  such  as  Stapp  accomplished  admirable  and  even  heroic 
research  to  establish  human  acceleration  limits,  the  complex  multlaxial  accel erat 1 ons 
associated  with  more  advanced  escape  systems  such  as  the  8-58  and  B-70  encapsulated 
seats  become  practically  Impossible  to  evaluate  using  the  peak  acceleration  and  rate  of 
onset  criteria  that  were  standardized  (6).  Although  various  committee-derived 
techniques  were  used,  e.g..  Ignoring  accelerations  having  durations  under  a  specific 
duration,  no  consistent  theoretical ly  sound  procedure  was  universally  accepted. 
Kornhauser  (7)  first  proposed  a  theoretically  b#‘ed  technique  and  demonstrated  the 
validity  of  one  of  Its  major  premises  by  experimentation  with  small  animals.  Payne 
expanded  the  technique  proposed  by  Kornhauser  and  mathematically  demonstrated  the  power 
of  the  technique  to  analyze  the  effects  of  complex  acceleration  waveforms  and  to 
understand  the  basic  principles  of  Impact  protection  systems  (8,9). 

The  approach  proposed  by  Payne  as  well  as  others  such  as  von  filerke  (10),  used 
mathematical  models  that  are  descriptive  of  mechanical  system  analogs  of  the 
dynamic-response  characterl stl cs  of  the  human  body.  Although  more  complex  models, 
such  as  those  developed  to  explain  human  responses  to  vibration,  were  Initially 
explored,  simple  slngle-degree-of-freedom,  1 umped-parameter  models  appeared  to  be 
adequate  to  explain  the  limited  available  test  data  applicable  to  escape  systems. 

The  model  that  was  developed  to  the  most  satisfactory  degree  was  the  Dynamic 
Response  Index  (DRI)  model  (11),  which  was  developed  to  estimate  the  probability  of 
compression  fractures  In  the  lower  spine  due  to  acceleration  directed  along  the 
longitudinal  axis  of  the  spine  In  a  pel v 1 s-to-head  direction  (+Z  axis).  This  model  was 
verified  by  comparing  the  response  of  the  moael  to  ejection  catapult  accelerations  with 
the  operational  Injury  rates  associated  with  the  specific  escape  systems  (12,13). 

After  operational  verification  and  use  of  the  model  in  the  analysis  of  data  from  tests 
of  several  developmental  escape  systems,  the  DRI  model  was  Incorporated  Into  the  United 
States  Air  Force  and  nul tl nat 1 onal  specifications  for  ejection  seats  and  escape 
capsules  (14,15,16).  The  ORI  model  was  then  successfully  used  In  the  design,  test,  and 
evaluation  of  the  ACES  II  and  the  SIIIS-3  ejection  seats. 

Oevtlopment  of  X-axis  models  proposed  by  Payne  was  impeded  by  the  lack  of 
sufficient  data  to  verify  the  coefficients  of  the  models  or  to  approximate  the 
likelihood  of  Injury  associated  with  the  response  of  the  model.  Fortunately, 
additional  experimentation  with  volunteers  was  continued  to  study  the  human  response  to 
short -duratl on  acceleration.  This  work  has  Included  the  investl gatlon  of  human 
whole-body  response  (e.g.,  17,18,19,20,17,18,19,20,21,22,23)  and  the  response  of 
specific  body  segments  such  as  the  neck  and  head  (e.g.,  24,25,26). 

Current  escape  system  research  and  development  efforts  within  the  United  States 
Air  Force  (USAF)  may  be  categorized  in  terms  of  four  objectives.  These  are: 
Improvement  of  existing  escape  systems,  extension  of  the  capabilities  of  open  ejection 
seats.  Investigation  of  Integrated  cockpl t/escape  systems,  and  development  of  escape 
system  concepts  for  vehicles  operating  In  hypervelocity  flight  regimes.  Examples  of 
these  efforts  Include  upgrade  of  the  recovery  and  landing  systems  of  the  F/FB-111  crew 
escape  module,  the  Crew  Escape  Technologies  (CREST)  advanced  development  program 
(27,28),  design  of  a  cockpit  escape  module  (29),  and  studies  of  escape  systems  for 
vertically  and  horizontally  launched  hypervelocity  vehicles  (30).  Each  of  these 
efforts  has  a  common  ictlvlty,  evaluation  of  the  acceptability  of  the  escape  systems  by 
analysis  of  the  accel erat 1 ons  produced  by  the  system.  This  crucial  activity  Is  carried 
out  during  both  the  design  and  test  phases  of  escape  system  development.  The  ongoing 
escape  system  development  efforts  also  share  a  second  attribute,  the  acceleration 
conditions  associated  with  each  of  the  systems  are  complex  including  irregular 
waveforms  and  changing  acceleration  vector  directions.  These  complex  acceleration 
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condition*  have  not  and  cannot  be  simulated  with  existing  laboratory  facllltlt*. 
Therefore.  assessment  of  the  cffacts  of  these  accelerations  Must  be  accomplished  by 
using  dynamic  response  Models. 

Until  recently  the  Method  used  by  the  USAF  to  evaluate  the  performance  of  escape 
systems  was  limited  to  the  use  of  the  OR  I  technique  for  the  *Z  axis  only.  Linear 

accelerations  acting  on  the  ♦  and  -X,  ♦  and  -T,  and  -Z  axes  were  evaluated  using  graphs 

or  tables,  which  required  the  fitting  of  the  accel erat 1 on-t Ime  histories  by  a  graphical 
approximation  method  (14,15).  The  method  is  Inadequate  for  numerous  significant 
reasons.  Ftrst,  the  method  Is  not  able  to  evaluate  the  likelihood  of  Injury  unless  the 

acceleration  acts  in  the  +Z  axis.  Accelerations  In  the  X,  T,  and  -Z  axes  are  either 

within  the  'zone  of  safety”  or  within  the  "zone  of  probable  disablement”  as  shown  In 
Figure  2. 
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Figure  2.  Acceleration  Exposure  Limit  Graph  and  Table  for  -Z 
Acceleration  with  Rise  Times  Equal  to  or  Greater  than  0.04  Sec. 

Sectnd,  the  graphical  approxlma £i on  technique  is  not  a  practical  method  to 
evaluate  the  complex  waveforms  associated  with  contemporary  or  advanced  escape 
systems.  T.lrd,  the  method  does  not  address  the  effects  of  angular  accelerations  and 
velocities.  Fourth,  although  a  computer  program  was  developed  to  automate  the  use  of 
the  method,  the  automated  analysis  was  fraught  with  the  same  limitations  mentioned 
above  as  well  as  several  others  attributable  to  simplifying  assumptions  that  were 
necessary  to  automate  the  method. 

In  order  to  overcome  these  limitations  a  more  comprehensl ve  method  has  been 
developed  to  evaluate  the  effects  of  escape  system  accel eratl ons  and  velocities  on  the 
human  occupant  (31,32).  The  approach  Is  summarized  as  fellows:  Relatively  simple 
I umped-parameter  models,  which  are  based  on  the  dynamic  response  character  1 st 1 cs  of  the 
human  body,  are  used  to  evaluate  the  effects  nf  linear  acceleration  components  acting 
In  the  orthogonal  axes  of  the  human  body.  The  accelerations  are  presumed  to  have  their 
greatest  deleterious  effect  when  acting  at  a  specific  critical  point.  This  critical 
point  has  been  defined  as  the  center  of  mass  of  the  upper  torso,  although  multiple 
critical  points  can  and  have  been  defined  and  evaluated.  The  magnitude  of  the 
responses  of  the  dynamic  response  models  have  been  related  to  the  risk  of  Injury.  In 
the  +Z  axis  the  magnitude  of  the  response  has  been  correlated  to  an  Injury  probability 
distribution  function  (11).  In  the  other  axes  the  risk  of  Injury  has  been  estimated  on 
the  basis  of  laboratory  experiments  and  experience  with  operational  escape  systems. 

The  estimates  have  been  resolved  Into  values  correspondl ng  to  low,  moderate,  and  high 
risk  of  major  'njury.  Th*  effects  of  the  resultant  acceleration  condition  are 
evaluated  In  terms  of  ellipsoidal  envelopes  for  each  Injury-risk  level. 

This  method  Is  a  first  step  In  a  more  comprehensive  Injury  assessment  plan  that 
includes  strategies  tailored  for  the  escape  system  design  and  test  phases.  During  the 
design  phase  the  performance  of  an  escape  system  concept  will  first  be  evaluated  using 
a  whole-body  response  model  such  as  the  one  described  above.  This  evaluation  will  be 
done  based  on  the  acceleration  and  velocity-time  histories  computed  using  models  of  the 
escape  system.  Where  required,  more  refined  analyses  will  be  accomplished  to  evaluate 
the  potential  for  specific  types  of  Injury  such  as  might  be  caused  by  direct  Impact  of 
the  occupant's  head  or  motion  of  the  extremities.  During  the  subsequent  test  phase  of 
the  escape  system  development,  two  general  methods  will  be  used.  First,  the  effects  of 
the  linear  and  angular  accel erat 1 ons  of  the  escape  system  will  be  evaluated  using  the 
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•Mli-Mr  response  aedal  and  tka  specific  injury-node  aodalt  <itd  in  the  design  phase. 
S«1»4.  tpecially  designed  <14  lastreaerted  Hitllm  (33,34,35),  which  have  static  and 
dynaaic  inertial  properties  <>  mil  as  ktneaatic  and  kinetic  response  characteristics 
af  the  kaa<a  body,  alii  k«  used  1<  tk«  escape  systaa  tots,  These  Manikins  alii  be 
a<»4  ta  a<kt  MiiarMittl  af  tk<  forces  and  aoaents  acting  on  specific  onatoaical 
Jointt  «4  fktlttal  ftraetartk  <s  atll  ti  tka  accalarttloa  af  critical  bad/  segaents 
lack  <i  tka  ka<4. 

Tka  parpata  af  tkli  papar  1i  ta  daicrlba  tka  whola-body  accalaratten  axpasurt 
aatkad  tkat  kai  baa*  daaalapad  ta  data  and  ta  provide  aiaaplat  af  tka  experiaental 
affartt  accaapllthad  ta  daaalap  aara  accurate  dynaaic  response  aadal  coaff Icients. 

MMOLE -POOT  ACCELEkATIOk  EIP03UIE  LIMIT  METNOO 

Tka  ohjecttve  af  tka  ceaputatian  af  dynaaic  response  It  ta  daaalap  astlaatas  of 
tka  gaaaral  risk  af  lajary  at  a  ipaclflad  critical  point  by  analyzing  aaaturad  linear 
accalaratian  and  angalar  velocity  tlaa  Mitariat.  Tha  angular  velocity  af  tha  escape 
lyitaa  it  aaaiarad  and  tka  linear  accalaratian  it  aaaturad  at  a  known  paint  in  the 
atcape  tyttaa  caardtnata  tyttaa.  Tka  critical  paint  it  tka  paint  In  tka  seat 
coardiaata  tyttaa  at  akick  tka  dynaatc  ratpanta  (OK)  and  tha  attaciatad  risk  of  injury 
ara  coapated. 


If  tka  linear  acca'eratton  at  any  paint  in  tha  seat  caardtnata  tyttaa  is  known 
and  tka  angular  aatacity  af  tka  teat  it  known,  then  tka  nation  af  the  teat  is  uniquely 
defined  and  tka  linear  acceleration  at  any  paint  In  tka  ejection  teat  coordinate  tyttaa 
caa  be  calculated.  Tha  dynaaic  ratpanta  of  the  body  in  tka  ejection  teat  It  aodeled  by 
a  natt,  spring  and  daapar  tyttaa  attacked  ta  tka  teat,  for  siapllclty,  tka  notion  of 
tka  body  in  each  orthogonal  ails  it  attuned  to  be  Independent  so  tkat  each  orthogonal 
aait  can  kw  aodeled  with  a  different  dynaaic  tyttaa. 


Each  dynaaic  tyttaa  it  accelerated  by  tha  caapanent  of  tka  critical  point 
acceleration  that  Hat  along  the  corresponding  orthogonal  axis.  The  DR  for  eacn 
orthogonal  aitt  It  coaputed  froa  tka  deflection  of  the  spring  of  the  tyttaa.  The 
dynaaic  responses  af  the  three  orthogonal  aaet  are  used  to  calculate  a  general 
whale-body  injury  risk  in  terns  of  an  ellipsoidal  approxlaa 1 1  on . 


The  equation  of  notion  tkat  describes  tka  spring  deflection  of  the  dynaaic  systea 
along  «ck  axis  It: 


1  ♦  2CV  *  «aJ*  *  •<■  (1) 

where: 

J  is  tne  relative  acceleration  of  the  dynaaic  tyttaa  aatt  with  respect  to  the 
critical  point. 

J  it  tka  relative  velocity  of  tka  aatt  with  respect  to  the  critical  point. 

i  it  tka  deflectien  of  the  aatt  with  respect  to  the  critical  point.  A  positive 
value  repratants  coapretslon. 

C  it  tha  daaping  coefficient  ratio. 

«(,  is  the  undanped  natural  frequency  of  tha  dynaaic  systea. 

a  is  the  critical  point  acceleration  coaponent  tkat  lies  along  the  axis.  The 
dynaaic  response  for  each  axis  Is  given  by: 

PK.^li  (2’ 

where:  9 


Ok  it  the  dynaaic  response  of  the  dynaaic  systea  and  g  Is  the  acceleration  of 
gravity.  The  acceleration  of  the  critical  point  is  related  to  the  acceleration  of  the 
matured  point  and  the  angular  velocity  of  the  escape  systea  by  the  equation: 


where: 

*. 

rm 

*c 
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ae  -  oB  ♦  a,«(?e  *  r.)  ♦  -  T— 3 )  (3) 

it  the  acceleration  of  the  Measured  point  with  respect  to  rest. 

it  the  position  af  the  aeosured  point  In  the  ejection  seat  coordinate  systea. 

it  the  acceleration  of  the  critical  point  with  respect  to  rest. 

is  the  position  of  the  critical  point  in  the  ejection  seat  coordinate  systea. 

is  tka  angular  velocity  of  the  seat. 

is  the  angular  acceleration  of  the  seat.  It  Is  coaputed  by  differentiating  the 
angular  velocity. 


The  general  risk  of  Injury  Is  calculated  based  on  tbe  OS  values  for  the  throo 
»«ts  and  the  OS  Halt  values.  Olfftront  OS  Halt  values  sro  utod  for  low,  aodtrott  and 
Mg*  risk. 

•  M'  •  SBi)'  l1'1  1,1 

abort: 

OSS,  DST  and  OSZ  art  tbt  dynaalc  rtspontts  for  tht  I,  f  and  Z  aits. 

DXXL,  DSTL  and  OSZL  art  tbt  X,  T  and  Z  OS  Halt  valuta. 

8  Is  tbt  Injury-risk  crlttrlon. 

Tbt  coaputatlonal  attbods  dtscrlbtd  above  art  applltd  to  analyst  tbt  atasurtd 
Hntar  acetltratlon  and  angular  velocltytlae  blstorlts.  Coaputatlonal  outputs  includt 
tlat  blstorlts  for  tbt  critical  point  acetltratlon,  tbt  angular  acetltratlon,  tbt 
dynaalc  response  (OS)  for  all  thrtt  orthogonal  aits,  and  tbt  Injury-risk  crlttrlon  for 
loa,  aodtratc  and  blgb  risk.  Tbt  OS  tlat  blstorlts  art  coapartd  to  tht  OS  Halt  valuta 
for  loa,  aodtrott  and  high  risk  to  dtttralnt  tbt  dtgrtt  of  risk  In  tacb  axis.  Tht 
Injury-risk  crlttrlon-tlat  blstorlts  for  loa,  aodtratt  and  high  risk  can  bt  avaluatad 
to  dtttralnt  tbt  dtgrtt  of  risk  for  tbt  abolt  body  rtsponst.  Tbt  tseapt  systaa 
occupant  Is  consldtrtd  to  bavt  tictadtd  a  sptclffad  Injury-risk  ltvtl  If  tbt 
Injury-risk  crlttrlon  bas  a  aagnitudt  grtattr  than  ont. 

MODEL  OCTELOPKEXT  AND  CXPESIMESTAL  VES I F I  CAT  ION 

Tbt  Initial  approach  that  was  ustd  to  dtvtlop  tacb  dynaalc  rtsponst  aodel  varltd 
In  accordanct  altb  tbt  data  that  atrt  available  for  tbt  dtvtlopatnt  effort.  For  tht  »Z 
axis  tbt  txlstlng  OSI  aodtl  uas  adopted.  Oata  for  tbt  -Z  axis  utre  Halted  to  tbt 
rtsults  of  txperlatnts  conducted  by  Sbaa  (5)  and  Scbulaan,  at  al  (18)  and  operational 
experience  vlth  tbt  8-47,  8-52  and  F-104  downward  ejection  stats.  Tht  rtsults  of  tbt 
tests  conducted  by  Shaw  and  tbt  operational  ejection  experience  were  used  to  estlaatt 
tbt  aodtratt  rlsk-ltvtl.  The  data  collected  by  Scbulaan,  tt  al,  wert  ustd  to  estlaatt 
tbt  high-risk  level.  Although  tbt  syaptoas  of  Injury  observed  by  Scbulaan,  tt  al,  were 
Indefinite,  the  restraint  systaa  was  elaborate  and  provided  a ore  protection  than  would 
bt  expected  of  a  less  tncuaLtrlng  restraint  systta  that  would  bt  acceptable  to 
operational  personnel.  Tbt  atasurtaents  taken  by  Scbulaan,  tt  al,  Included 
accelerations  atasurtd  on  tbt  subjects  and  restraint  forcts.  These  data  wort  ustd  to 
estlaatt  the  natural  frequency  and  daaplng  coefficient  ratio  of  the  nodal.  Tbt 
frequency  was  slightly  lower  than  the  OX!  aodtl  and  the  daaplng  coefficient  was  nearly 
Identical;  therefore,  for  slapllclty  tbt  0X1  aodtl  coefficients  were  Initially  adopted 
for  tbt  -Z  axis. 

Initial  tstlaates  of  tbt  X-eils  aodtl  properties  aero  derived  froa  tests  that 
were  not  specifically  designed  for  that  purpose.  Tbt  data  that  wtre  ustd  were 
obtained  froa  nuaarous  reports  of  tests  with  volunteers  published  by  the  USAF,  US 
Xavy,  and  US  Oepartaent  of  Defense  contractors.  Thus,  there  was  a  wide  disparity 
between  the  experlaental  aetnods  and  aeasureaents.  For  txaaplt,  the  tlae  to  peak 
acetltratlon  for  tbt  +X  axis  data  wtre  largely  In  the  rangt  of  6.02  to  O.OS  sec  with  a 
few  data  points  In  the  rangt  of  0.008  to  0.01  sec.  Tbt  data  for  tbt  -X  axis  were 
collected  froa  tests  where  the  tlat  to  peak  acceleration  ranged  froa  0.025  to  0.180 
sec.  Measureaents  of  body  response  wert  Halted  In  aost  of  the  txperlatnts.  In  view 
of  these  Haltatlons,  tht  data  wert  first  analyzed  using  the  bal  f-slnewave 
approxlaetlon  technique  described  In  reference  31.  The  approach  led  to  a  aodel  for  the 
-X  axis  with  a  natural  frequency  of  62.8  rad/stc  and  a  daaplng  coefficient  ratio  of 
0.2.  Data  froa  +X  axis  experlaents  did  not  provide  sufficient  data  to  estlaate  these 
coefficients  with  auch  accuracy;  however,  the  aodel  for  the  -X  axis  appeared  to  fit  the 
available  data  to  a  reasonable  degree  as  described  In  references  31  and  32. 

Further  conflrattlon  of  the  -X  axis  aodel  coefficients  was  obtained  by  analysis 
of  the  experlaental  data  reported  In  reference  23.  These  data  wert  analyzed  using  a 
transfer-function  technique.  The  transfer-function  technique  analyzes  tht  dynaalc 
aotlon  of  the  subject  In  the  frequency  doaaln.  Th»  aotlon  of  the  subject  In  a  seat  Is 
aodeltd  by  a  dynalc  aechanlcal  systaa  consisting  of  a  aass,  spring  and  daaper  attached 
to  tbt  seat.  Tht  seat  acceleration  Is  tbt  best  acceleration  of  the  dynaalc  systea  and 
the  acceleration  of  the  subject  Is  the  aass  acceleration  of  the  systea.  Tht  ratio  of 
the  systaa  aass  acceleration  to  the  base  acceleration  Is  known  as  the  transal sslbl 1 1 ty 
since  It  represents  the  transalsslon  of  aotlon  froa  tht  base  tn  the  aass.  A 
aatheaatlcal  equation  for  tht  t ran  sal ssl bl 11 ty  can  be  derived  by  finding  the  Fourier 
transfora  of  the  equation  of  aotlon  of  the  sprl ng-daaper  systea  (36).  The  peak 
aagnltude  of  the  transal ssl bt 1 1 ty  Is  a  function  of  the  daaplng  coefficient  ratio  and  Is 
Independent  of  the  natural  frequency.  Consequently,  the  daaplng  coefficient  ratio  can 
be  calculated  froa  the  peak  aagnltude  of  the  transal ssl bl 11 ty .  The  frequency  where 
the  peak  aagnltude  occurs  Is  a  function  of  the  daaplng  coefficient  ratio  and  the 
natural  frequency.  It  Is  used  to  calculate  the  natural  frequency. 

The  transfer-function  analysis  was  perforaed  on  a  set  of  data  froa  11  lapact 
tests  without  dynaalc  preload,  l.e.,  without  acceleration  prior  to  the  prlaary  lapact 
event  (23).  The  tests  were  conducted  using  a  hal f-sl newave  acceleration  profile 
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produced  by  a  horizontal  accelerator.  The  lapact  tests  were  accoaipl Ished  at  a  level  of 
10  fi  «1th  an  lapact  velocity  of  9.3  a/sec  and  a  tine  to  peak  acceleration  of  0.0S3  sec. 
The  results  of  the  transfer-function  analysis  of  the  upper  torso  acceleration  Indicated 
a  aean  natural  frequency  of  $4.5  rad/sec  (S.D.  •  0.70)  and  a  aean  daaplng  coefficient 
ratio  of  0.2$  ($.0.  •  0.103). 

Unfortunately,  the  results  of  the  transfer-function  analysis  could  not  be  relied 
upon  to  provide  an  accurate  estimate  of  the  deeping  coefficient  ratio.  Since  the  tlee 
to  peak  of  the  acceleration  of  the  seat  eas  0.053  sec,  the  seat  acceleration  frequency 
spectrum  could  not  be  eipected  to  have  sufficient  energy  at  the  prlaary  resonance  of 
the  upper  torto  to  obtain  aaxlaua  dynaalc  response  at  that  frequency.  Therefore,  the 
coapcted  value  of  the  daaplng  coefficient  ratio  could  be  higher  than  the  actual  value. 
However,  the  daaplng  coefficient  ratio  that  was  obtained  was  considered  to  be  within  a 
reasonable  range  and  was  used  for  Initial  analyses. 

The  high  risk  of  injury  levels  for  the  X-axis  aodels  were  developed  for  the  aost 
part  using  the  results  of  tests  with  huaan  subjects  conducted  by  Stapp  (4,37)  and 
feeding  (33,39).  The  low-risk  levels  were  developed  by  coaputlng  the  response  of  the 
X-axis  aodel  to  acceleration  conditions  that  are  routinely  used  In  research 
laboratories  without  Injury.  Although  the  research  efforts  were  conducted  with 
subjects  who  were  carefully  screened  for  pre-existing  aedlcal  probleas  and  were  well 
restrained,  this  approach  was  considered  to  be  conservative,  since  the  restraining 
effects  of  the  aerodynaalc  forces  acting  in  the  X  axis  were  not  present  In  aost  of  the 
experlaental  data  that  were  used. 

Oevelopaent  of  the  T-axIs  aodel  proved  to  be  the  aost  difficult  due  to  the 
paucity  of  data.  Only  one  set  of  available  data  collected  with  huaan  subjects  was 
found  to  be  suitable  for  transfer-function  analysis.  These  data  were  collected  during 
lapact  tests  to  evaluate  F/FB-111  crew  restraint  systeas  (40).  The  data  set  consisted 
of  13  tests  conducted  at  a  deceleration  level  of  8  S  using  a  trapezoidal  wavefora  with 
an  lapact  velocity  of  8.84  a/sec,  a  tlae  to  peak  acceleration  of  0.022  sec  and  a 
preload  due  to  track  friction  of  0.25  fi.  The  results  of  the  transfer-function  analysis 
Indicated  a  aean  natural  frequency  of  58.0  rad/sec  (S.D.  *  1.7)  with  a  aean  daaplng 
coefficient  ratio  of  0.07  ($.0.  »  0.04).  The  accuracy  of  the  daaplng  coefficient  ratio 
Is  higher  In  this  analysis  than  In  the  analysis  of  the  X-axis  data  since  the  tlae  to 
peak  acceleration  Is  shorter  with  respect  to  the  natural  frequency  of  the  aodel.  The 
relatively  low  daaplng  coefficient  ratio  Is  probably  due  to  the  poor  coupling  between 
the  seat  and  the  subject  provided  by  the  conventional  restraint  harness  that  was  used. 

Injury-risk  levels  for  the  T  axis  could  not  be  established  with  any  confidence 
since  clear  evidence  of  Injury  other  than  knee  Injury  (40)  and  syncope  (20)  have  not 
been  observed  under  laboratory  conditions.  The  Injury-risk  levels  were  Judged  on  the 
basis  of  existing  expert  opinions  and  available  data  (17,20,40,41).  The  OR  Halt 
values  that  were  established  as  a  result  of  this  Initial  analysis  are  shown  In  Table  1. 

Table  I.  Initial  DR  Halt  Values 


“l 

"°L 

•cm*1 

ESI 

Cat.* 

S.P.m 

•c>0 

•c*<0 

lot  title 

35 

28 

14 

15 

15.2 

9 

axle  rata  Risk 

40 

35 

17 

20 

18.0 

12 

High  Sisk 

4$ 

46 

22 

30 

22.8 

15 

where : 

a£J  Is  the  X  axis  coaponent  of  the  acceleration  acting  at  the  critical  point. 

ac{  Is  the  2  axis  coaponent  of  the  acceleration  acting  at  the  critical  point. 

*The  coluan  of  Halts  values  designated  C.R.  should  be  used  If  conventional 
restraint  such  as  a  lap  belt,  two  shoulder  straps,  end  crotch  strap  restrains  the  seat 
occupant . 

“The  coluan  of  Halt  values  designated  S.P.  are  permitted  If  side  panels  or 
equivalent  structures  are  used  to  prevent  sideward  aoveaent  of  the  seat  occupant 
Including  the  occupant's  head. 

EXPERIMEATATIOR  TO  OEVELOP  0THAMIC  RESP0MSE  H00EIS 

Available  data  froa  lapact  tests  with  huaan  subjects  provide  soae  Indication 
that  the  lapact  response  of  the  huaan  body  with  conventional  restraint  systeas  way  be 
non-linear  to  a  degree  that  would  aake  attempts  to  use  linear  models  to  depict  huaan 
response  a  questionable  approach.  Likely  sources  of  the  non-linearities  Include 
restraint  slackness,  the  Initial  low  stiffness  of  body  soft  tissues  and  restraint 
materials,  and  the  effects  of  auscle  tonus  at  low  acceleration  levels.  The  use  of  a 
Halted  set  of  Impact  test  conditions  and  linear  systeas  analysis  methods,  such  as  the 
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transfer-function  techniques  or  transient  eechanlcil  lepedanca  techniques,  can  lead  one 
to  Inaccurate  conclusions.  Therefore,  a  eore  coeprehensl ye  series  ef  lepact 
eiperleents  was  designed  to  eeasure  the  response  characteristics  of  the  hunen  body  with 
conventional  restraint  system.  The  experimental  designs  were  developed  to  explore  a 
broad  range  of  acceleration-tine  profiles,  acceleration  levels,  and  acceleration  vector 
directions. 

The  first  series  of  experlner.s  were  accomplished  by  the  Armstrong  Aerospace 
Medical  Research  Laboratory  (AAMRL)  to  measure  human  response  to  Impact  In  the  -X  axis 
(42).  The  tests  were  performed  on  a  horizontal  accelerator  using  six,  half-slnewave 
Impact  profiles.  The  experimental  conditions  are  summarized  In  Table  II. 

Thirteen  volunteer  subjects  representing  a  broad  range  of  sizes  and  weights 
participated  In  the  test  program  and  were  exposed  In  random  order  to  the  Impact 
conditions.  The  subjects  were  Impacted  In  a  seated  position  with  a  seat-back  angle  of 
13  degrees  aft  of  vertical.  The  subjects  were  restrained  by  two  shoelder  straps,  a  lap 
belt  and  crotch  strap  with  a  configuration  geometry  In  accordance  with  current  design 
practice  (43).  The  data  collected  during  the  experiments  Included  seat  acceleration  and 
forces,  itnear  and  angular  accelerations  of  the  head  from  transducers  held  to  the 
subject's  teeth,  linear  and  angular  acceleration  of  the  chest  from  transducers  mounted 
over  the  sternum,  linear  acce'eritlon  over  the  mid-thoracic  spine,  restraint-tiedown 
forces,  acceleration  aver  the  lower-lumbar  spine,  subjective  comments,  and  body  segment 
motion.  Means  and  standard  deviations  for  selected  data  are  shown  In  Table  III.  The 
restraint  forces  that  are  given  In  Table  HI  are  resultant  values. 


Table  11.  Conditions  for  -X  Axis  Tests 


Tint  Call 

A 

il 

B2 

c 

D 

t 

n 

a 

a 

10 

13 

10 

10 

Suet  Acceleration  (0) 

fean 

fl.O. 

-10. S7 
0.21 

-10.92 

0.16 

-10.31 

0.06 

-10.33 

0.46 

-10.39 

0.2S 

-10.05 

0.13 

Tima  to  f—k  0  (fee) 

HMA 

s.o. 

0.017 

0.001 

o  o 

IS 

9.019 

0.001 

0.034 

0.003 

0.065 

0.004 

0.117 

C.003 

rulae  Duration  (Sec) 

umo 

s.o. 

0.027 

0.001 

0.046 

0.001 

0.041 

0.001 

0.079 

0.001 

0.150 

0.001 

0.24S 

0.004 

Velocity  Oiange  tH/trr) 

Man 

S.O. 

1.44 

0.01 

2.49 

0.02 

— 

3.92 

0.02 

$.02 

0.0$ 

9.74 

0.13 

is.a 

0.10 

Table  III.  Summary  of  Data  from  -X  Axis  Impact  Tests 


Teat  Call 

A 

11 

12 

c 

D 

s 

n 

12 

12 

10 

13 

10 

10 

Acceleration  at  Sterna  (Gw) 

fean 

8.0 

-5.90 

0.73 

-10.00 

0.94 

-14.49 

1.63 

-IS. 67 
2.01 

-14.16 

1.79 

-9.66 

1.10 

Mid-Thoracic  Acceleration  (Ok) 

fean 

S.O 

-6.73 

1.10 

-11.37 

1.26 

-17.42 

1.67 

-19.44 

2.92 

-19.70 

3.07 

-12.04 

1.60 

Acceleration  at  i-~4  (Ox) 

fean 

S.O 

-6.98 

1.63 

-13.17 

1.57 

-19.27 

2.69 

-14.41 

2.11 

-16.96 

1.31 

-11.85 

0.65 

fead  Acceleration  (or) 

fean 

S.O. 

-4.4$ 

0.93 

-6.02 

1.75 

-13.30 

4.41 

-15.43 

6.16 

-14.99 

3.21 

-1S.S2 

3.13 

Shoulder  Bernese  Porca  (M) 

fean 

S.O. 

1014 

247 

2073 

297 

3207 

512 

3369 

641 

3744 

300 

3776 

663 

Mitfit  Up  Belt  Force  (N) 

fean 

S.O. 

1330 

219 

2440 

355 

4341 

426 

4470 

507 

4344 

427 

2998 

277 

Left  Lap  felt  fores  (ff) 

fean 

S.O. 

1312 

165 

2656 

335 

4446 

390 

4S1S 

$43 

4390 

44S 

3100 

284 

Crotch  Strap  Pores  (N) 

fean 

S.O. 

267 

120 

503 

165 

$49 

194 

443 

302 

123 

244 

743 

2S0 

Seat  X-Axis  force  (H) 

fean 

S.O. 

-974 

113 

-1066 

201 

-1201 

103 

-1134 

357 

-1044 

221 

-9S4 

143 

Seat  X-Axis  force  (M) 

fean 

S.O. 

3492 

120 

$431 

694 

7744 

112$ 

1147 

124$ 

4073 

1397 

$4  $4 
454 

/ 
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Figure  3  shows  the  relationship  between  the  aeasured  data  and  the  response 
characteristics  of  the  dynaalc  aodel  deseloped  froa  these  data.  The  points  encircled 
In  Figure  3  are  the  Bean  ratios  of  resultant  chest  acceleration  and  the  z  axis 
acceleration  of  the  seat  for  each  test  test  condition  aeasured  at  the  sternua. 

Standard  deviations  about  the  Beans  are  Indicated  by  crosses  above  and  below  the  aeans. 
The  curve  that  Is  shown  Is  the  relationship  between  aaplltude  of  the  response  of  a 
dynaalc  aodel  and  the  acceleration  duration  of  hal f-sl newave  acceleration  profiles  with 
a  constant  peak  acceleration.  The  aodel  has  a  natural  frequency  of  $8  rad/sec  and  a 
daaplng  coefficient  ratio  of  0.04.  The  Initial  estlaate  of  the  natural  frequency  of 
the  aodel  was  derived  by  transfer-function  analysis  and  then  adjusted  to  provide  a 
better  fit  to  the  aean  values.  The  daaplng  coefficient  ratio  was  derived  by  fitting 
the  response  curve  to  the  aean  acceleration  values  In  the  acceleration-duration  range 
of  0.08S  to  O.ISO  sec.  The  relatively  poor  fit  of  the  aodel  to  the  values  at  the 
acceleration  durations  of  0.027  and  0.046  set  was  accepted  as  due  to  the  relative 
Ineffectiveness  of  the  restraint  geoaetry  and  soft-tissue  deforaatlon.  Slallar  dynaalc 
response  character) sties  were  seen  In  the  chest  response  aeasured  over  the  aid-thoracic 
spine  although  additional  aapl 1 f 1 catl on  of  about  20  per  cent  was  observed  due  to  the 
dynaalc  response  of  the  thoracic  voluae.  The  response  of  the  head  and  neck  also 
reflected  the  Influence  of  the  frequency  response  of  the  upper  torso  at  the  shorter 
lapact  durations  as  well  as  the  lower  frequency  response  of  the  head/neck  seen  In  the 
data  reported  by  Ewing  (24)  at  the  longer  durations,  Restraint-tiedown  forces  also 
reflected  the  Influence  of  the  dynaalc  response  characteristic  of  the  torso.  The 
severity  of  the  lapacts  as  Indicated  by  subjective  response  questionnaires  correlated 
well  with  the  aaplltude  of  the  aeasured  acceleration  and  forces. 


Figure  3.  Ratios  of  Resultant  Chest  Acceleration  and  Seat  Acceleration  for  Each 
-A  Axis  lapact  Test. 


The  aost  recent  series  of  experlaents  conducted  to  refine  the  dynaalc  response 
aodels  was  conducted  to  aeasure  the  huaan  response  to  lapact  In  the  -Z  axis  (44). 

These  tests  were  also  perforaed  on  a  horizontal  accelerator  using  six,  hal f-slnewave 
lapact  profiles.  The  test  conditions  are  suaaarlzed  In  Table  IV.  Twelve  volunteers 
participated  In  the  tests.  Eight  to  12  subjects  were  restrained  In  a  seated  position 
using  two  shoulder  straps,  a  lap  belt  with  crotch  strap,  and  leg  straps.  The  seat 
back  was  parallel  to  the  acceleration  vector.  The  subjects  grasped  two  ejection- 
initiation  handles  that  were  Instruaented  to  aeasure  tension  forces.  The  aeasureaents 
also  Included  seat  acceleration  and  forces,  restraint-tiedown  forces,  nead  and  chest 
linear  and  angular  accelerations,  subjective  coaaents,  and  body  segaent  notion. 


Means  and  standard  deviations  for  the  prlnary  aeasureaerts  are  given  In  Table  V. 
Acceleration  aeasured  on  the  head  and  chest  reached  naxlaua  values  when  the 
acceleration  profile  duration  was  0.082  sec.  The  head  and  chest  accelerations  were 
less  than  the  seat  accelerations  when  the  acceleration  profile  duration  was  0.030  sec. 

Figure  4  shows  aean  ratios  of  the  resultant  chest  acceleration  and  seat 
acceleration  for  each  test  condition.  Corresponding  standard  deviations  are  also 
plotted  about  the  aean  values.  The  curve  shown  In  Figure  4  Is  the  response  of  a 
dynaalc  aodel  to  hal f-slnewave  acceleration  profiles  with  a  constant  peak  acceleration 
level.  The  natural  frequency  of  the  aodel  that  best  fits  the  data  Is  47.1  rad/sec  with 
a  daaplng  coefficient  ratio  of  0,24,  The  natural  frequency  and  the  Initial  estlaate  of 
the  daaplng  coefficient  ratio  were  derived  by  transfer-function  analysis. 
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Table  IV.  Condition!  for  -2  Ail*  Iapect  Totti 
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A  two-degree-of-freedo.  aodol  was  used  to  study  the  rtsponst  of  th«  Mad.  The 
best  fit,  which  Is  shown  In  Figure  5,  was  obtained  with  both  the  lower  degree  of 
freedoa  and  upper  degree  of  freedoa  having  natural  frguencles  of  47.1  rad/sec  and 
daaplng  coefficient  ratios  of  0.24.  The  ratio  of  the  nass  of  the  upper  degree  of 
freedoa  to  the  aass  of  the  lower  degree  of  freedoa  Is  0.0. 

As  In  the  case  of  the  study  of  the  huaan  response  to  -I  ails  acceleration,  the 
restraint-tiedown  forces  also  reflected  the  response  of  the  torso  to  the  lapact 
conditions. 

Since  the  node!  coefficients  found  froa  the  -Z  ails  lapact  tests  are  soaewhat 
different  than  the  ORI  node!  coefficients  used  In  the  Initial  dynarlc  response  aodel 
for  the  -Z  ails,  new  OR  Halt  values  were  coaputed.  The  tow-risk  Halt  was  coaputed 
froa  the  test  results  using  a  si ngl e-degree-0 f-f reedoa  aodel.  This  value  Is  13.4.  A 
aoderite-rl sk  value  of  16.5  was  coaputed  using  the  aeilaua  allowable  acceleration 
condition  of  AR-S-94798.  A  high-risk  value  of  20.4  was  coaputed  using  the  worst-ease 
lapact  condition  tested  with  volunteers  by  Schulaan,  et  al.  The  resulting 
acceleration  eiposure  Halt  curves  for  nil f-sl newave  acceleration  profiles  Is  shown  in 
Figure  6. 
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Figure  4.  Ratios  of  Resultant  Chest  Acceleration  and  Seat  Acceleration  for  Each 
-Z  Axis  Impact  Test. 
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Figure  5.  Comparison  of  the  Response  of  a  Tuo-Oegree-of-Freedoe  Nodal  to 
Experimental  measurements  of  Head  Acceleration. 


!  DISCUSSION  i 

|  1 
The  experiments  that  have  been  conducted  by  the  AAHRL  to  measure  human  body  \ 

j  Impact  response  over  a  broad  range  of  acceleration  conditions  have  shown  that  linear 

system  approximations  of  the  measured  data  are  reasonable.  The  acceleration  i 

i  attenuation  expected  In  the  short-duration  acceleration  regime  Is  seen  In  the  < 


experimental  results  as  well  as  the  amplification  of  the  response  that  was  expected  at 
the  resonant  frequency.  Subjective  estimates  of  the  relative  severity  of  the  Impact 
conditions  were  found  to  generally  correspond  to  the  measurement  of  body  accelerations. 
The  experimental  results  tended  to  also  confirm  earlier  estimates  of  the  natural 
frequency  of  the  whole  body  response.  Steel)  and  Payne  estimated  that  the  primary 
resonance  affecting  human  tolerance  to  Impact  In  the  -X  axis  was  60.8  rad/sec  with  a 
damping  coefficient  of  0.23  (11).  However,  these  estimates  had  been  based  upon  limited 
observations  over  a  relatively  narrow  range  of  acceleration-time  hlsto-les,  and  the 
attenuation  of  the  human  response  for  short-duration  profiles  had  not  been  clearly 
demonstrated  with  human  subjects. 
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Figure  6.  Exposure  Halt  Curves  For  Hal  f-slnewave  Acceleration  In  the  -Z  Axis. 

The  experimental  results  oF  the  tests  oF  hunans  In  the  -I  axis  showed  a  snail 
dlFference  between  the  Initial  astlaate  oF  the  natural  frequency  affecting  whole-body 
tolerance  and  the  experlnental 1y  determined  value,  6Z.8  versus  5S.0  rad/sec 
respectively.  The  difference  between  the  Initial  estimate  of  the  damping  coefficient 
ratio  and  the  expe'lmental  result  Is  more  significant,  0.2  versus  0.04,  and  suggests 
that  the  original  computations  to  estimate  the  Injury-risk  levels  should  be 
reaccompl 1  shed.  This  work  Is  In  progress  using  additional  data  recently  recovered  From 
experiments  conducted  using  the  Daisy  Track  Impact  Facility  at  Holloman  Air  Force  Rase. 

The  experimental  results  From  the  -2  axis  tests  show  a  similarly  small  difference 
between  the  natural  frequency  Initially  estlmeted  and  that  experimentally  derived,  52.9 
rad/sec  versus  47.1  rad/sec.  but  this  difference  also  has  little  practical  effect.  The 
dlFference  between  the  damping  coefficient  ratio  originally  assumed  for  tne  Z-axIs, 
0.224,  and  the  experimentally  demonstrated  value,  0.24,  are  within  the  experimental 
error.  The  most  Important  result  of  the  test  results,  for  the  -2  axis  Is  that  they 
provide  a  firmer  data  base  for  the  dynamic  response  model,  which  In  turn  provide  a 
method  to  revise  earlier  estimates  of  the  Injury-risk  levels. 

Additional  experlnental  efforts  are  currently  being  planned  to  Investigate  human 
body  response  to  Impact  In  the  T  axis.  These  efforts  will  Include  tests  with 
conventional  restraint  harnesses  and  full-body  support  panels  since  the  body  support 
and  restraint  conf 1 gurat 1  on  will  have  a  large  effect  on  the  model  properties. 

The  primary  emphasis  of  the  experimental  efforts  conducted  recently  In  the  United 
States  has  been  on  measuring  the  human  response  to  Impact  vectors  along  the  three 
orthogonal  axes.  However,  research  Is  now  being  focused  on  the  effects  of  Impact 
vectors  In  other  axes.  Experiments  recently  accomplished  at  the  AAHRl  by  Perry  and 
trlnkley  have  Investigated  the  effects  of  short-duration  acceleration  directed  In  the 
*2  axis  and  In  axes  10,  S,  -5  and  -10  degrees  off  of  the  Z  axis  In  the  mid-sagittal 
plana.  These  experiments  have  not  shown  significant  changes  In  the  frequency  response 
of  the  volunteer  subjects  as  a  function  of  these  angles  at  acceleration  levels  up  to  10 
S. 


Future  analytical  efforts  will  be  focused  on  developing  methods  to  Include  the 
effects  of  both  Inertial  and  aerodynamic  forces  on  occupants  of  ejection  seats.  Rather 
simplistic  analyses  have  shown  that  the  aerodynamic  forces  acting  on  an  ejection  seat 
occupant  during  ejection  nay  have  beneficial  effects  as  well  as  adverse  effects  such  as 
limb  flail.  For  example,  the  aerodynamic  drag  force  acting  on  the  occupant's  helmet 
during  deceleration  of  the  seat  and  Its  occupant  may  effectively  restrain  the 
occupant's  head  and  neck  from  otherwise  violent  forward  motion.  However,  If  the  seat 
yaws  excessively  during  acceleration  the  aerodynamic  forces  nay  cause  an  adverse  effect 
since  the  head  will  be  driven  off  the  headrest  by  the  aerodynamic  forces.  These  types 
of  effects  cannot  be  quant  1  tat  1 vely  evaluated  using  existing  analytical  approaches 
since  the  aerodynamic  flow  field  Is  Incompletely  defined,  but  It  Is  known  that  It  Is 
not  uniform  (46). 

The  practicality  and  effectiveness  of  using  the  exposure  limit  method  that  has 
been  described  within  this  paper  Is  now  being  evaluated  within  the  laboratory  and  also 
within  escape  system  development  programs.  It  has  been  used  to  analytically  evaluate 
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the  effects  of  soot  occupant  weight  on  th*  performance  of  tht  ACES  II  ejection  teat  and 
to  evaluate  the  test  data  from  ejection  tests  of  several  escape  systeas.  The  aethod 
has  also  been  used  throughout  the  developaent  of  the  Crew  Escape  Technologies  ejection 
seat  deaonstrator  and  In  the  exploratory  of  several  hypervelocity  escape  systea 
concepts.  This  coablnatlon  of  laboratory,  field  test,  and  contractor  use  has  been 
critical  to  the  continued  developaent  and  laproveaent  of  the  aethod.  This  Interactive 
process  has  also  been  vital  to  prioritising  the  laboratory  experlaenta!  efforts  and 
adjusting  the  escape  systea  test  aethods. 
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RESUME 


L'Avolution  das  conditions  d' Ejection  das  pilotas  d’avions  da  combat 
amAne  A  anvlsagar  la  domains  grande  vitasaa,  basse  altitude  comma  une  probability 
naa  nAgligeable.  Si  las  problAmes  liAs  au  souffle  aArodynamiqua  at  &  la  stabilisation 
du  siAge  constituent  las  factaurs  las  plus  pynalisantsr  il  paut  4g a lament  exister 
tin  risque  traumatique  liy  A  l’ouverture  du  parachute. 

CJna  ytude  portant  sur  das  tlrs  da  compatibility  du  siAge  MK  10  avac 
diffArenta  aviona  da  combat  a  AtA  rAaliaAe  sur  das  essais  au  rail  dynamique.  Las 
rAsultats  montrent  uno  augmentation  importante  das  accyiyrations  ♦  Gz  anregistryas 
A  l'ouverture  du  parachute  principal. 

L'analys#  biomAcanlqua  du  choc  mat  an  yvidence  la  rdla  das  diffArenta* 
phases  da  l'ouverture.  Ces  donnAes  amAnent  k  anvlsagar  la  problAme  da  la  normalisation 
at  das  critAres  utilisablas. 


1.  -  IHTROPOCTIOH 


Las  conditions  da  combat  d'un  avion  tactlque  modarna  1' amAnent  A  Avoluer 
da  aaniAra  prolongAe  at  rApAtAe  an  trAs  basse  altitude  A  grande  vitessa.  L* introduction 
das  syatAmes  da  guidaga  inertial  ot  da  suivi  de  terrain  automatique  a  perm is  da  rendre 
ca  type  devolutions  parf alternant  opArationnel  an  toutes  circonstancas.  Toutefois, 
dans  cas  conditions,  la  probability  d' avoir  k  tenter  una  Ajection  au  cours  d'una  mission 
da  combat  ast  loin  d'Atra  nAgligeable. 

Avac  las  siAgas  oodernes  munis  de  fusAes,  las  risquas  das  Ajactlons 
grand#  vitessa  na  rAsident  gAr.ara lament  plus  au  nivaau  da  1' impact  avac  las  structures 
da  1' avion.  La  passage  da  la  dArive  ast  assurA  largement,  mama  A  1' extreme  limite 
du  domaina.  En  revanche,  las  affats  du  souffle  aArodynamiqua  at  las  problAmes  liAs 
A  la  stability  du  siAgo  pendant  la  phase  ballistique  ont  largement  At  A  AvoquAs.  Cas 
darniAras  annAas,  d'lmportants  efforts  techno logiques  ont  AtA  rAalisAs  dans  ca  domaina. 
Ils  ont  conduit  A  la  aise  an  oeuvre  da  concepts  da  protection  qui,  sans  rAgler 
dAf lnltivement  tous  las  problAmas,  amAliorent  notablement  las  chances  de  survia  du 
pllote  lors  das  Ajactlons  grande  vitessa  basse  altitude. 

L' importance  das  aspacts  liAs  au  souffle  aArodynamiqua  an  matiAra  da 
risqu#  traumatique  A  l'Ajaction  contribua  sans  douta  A  masquer  un  risque  pourtant 
classique,  calui  du  choc  A  l'ouverture  da  la  voilura  principals.  Ca  risque  a  AtA  reconnu 
da  longue  data  A  1* origins  da  traumatismas  mortals  lors  da  l'Ajaction. 

Si  l'on  considAre  la  vasts  domains  d'amploi  das  vollures  da  siAge 
A j actable,  du  zAro-zAro  jusqu'A  600  Kt  at  mAma  plus,  oi  congoit  bian  qua  l'optimisation 
das  carastArlstlquas  d'ouverture  n'est  pas  chose  aisAa.  Cas  voilures  sont  done 
obligatoir ament  la  fruit  da  compromis.  En  rAgla  gAnArale,  alias  sa  gonflant  trAs 
rapidement,  an  una  A  deux  secondes,  parmattant  un  fonctionnamant  correct  an  toutes 
circonstancas.  Lors  das  Ajactlons  an  grande  vitessa,  cas  caractAristiques  ont  amenA 
A  constater  das  chocs  A  l'ouverture  d' intensity  trAs  AlevAe  lors  da  tlrs  da  siAge 
MX  10. 

2.  -  KETHOOES 


Da puis  da  nombreuses  annAas,  la  Service  Technique  das  Programmes 
AAronautlques  Aqulpa  las  avions  da  combat  frangais  de  siAgas  britanniques  Martin-Baker. 
Cas  siAgas  sont  fabrlquAs  sous  licence  an  Franca  par  la  SEMKB.  La  Centra  d* Essais 
an  Vol  a  pour  mission  d'effectuer  das  tirs  da  compatibility  avac  las  aAronefa  sur 
lesquels  saront  montAs  ces  Aquipements.  La  plupart  da  cas  tlrs  sont  effectuAs  sur 
la  rail  dynamique  du  Centre  d' Essais  das  Landes. 
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2.1.  -  Le  rail  dyn antique  s 

Ce  rail  a  une  longueur  totale  de  2000  m. 

One  maquette  de  la  partie  avant  du  fuselage  de  l'a4ronef  test4  est  mont4e 
sur  des  patina  adapt4s  au  rail.  Cette  maquette  abrite  le  system®  de  sauvetage  et  lea 
inatallationa  de  mesure.  Bile  supporte  lea  efforts  dus  k  1 ' acceleration  dea  v4hicules 
pouaaeura-freineura.  Ceux-ci  aont  constitu4s  par  le  vdhicule  pousseur-freineur  GECKO 
pour  la  pouss4e  et  la  stabilisation  en  vitease,  4quip4  ds  deux  augets  de  f reinage 
hydrodynamique  et  dea  Stages  additionnels  de  pouss4e  qui  so  .c  utilises  selon  le  type 
de  1‘essai. 


2.2.  -  Moyena  de  mesure  et  d' observation  : 

Lea  mesures  sont  assur^ea  par  deux  installations  de  t4l4mesure  embarqu4es. 

La  premiire  est  inatall4e  k  l'arrifere  du  fuselage  dans  un  caisson  fix4 
sur  le  v4hicule  pousseur.  Cette  installation  a  pour  but  : 

-  de  d4terminer  la  cin4matique  du  v4hicule  ; 

**  d'appr4cier  I'environnement  vibratoire  cars  les  directions  verticals 
et  transversals  ; 


-  de  transaertre  en  redondance  un  "top"  de  synchronisation  avec  la  mise 
k  feu  du  si&ge  ; 


-  de  assurer  les  acc4l4rations  -uivant  las  trois  axes  au  point  d* attache 
sup4rieure  du  si&ge. 

La  seconde  eat  situ4e  dans  le  mannequin.  Bile  enregistre  les  param4tres 
de  foictionnement  du  si4ge  ainsi  que  les  acc4l4rations  au  niveau  du  thorax  du  mannequin 
suivant  les  trois  axes  X,  Y,  Z. 

Les  aoyens  de  mesure  optique  se  d4composent  en  diff4rentea  fonctiona, 
observation  g4n4rale,  observation  particuli&re,  observation  depuis  le  v4hicule  et 
enfin  tra jectographie.  Les  caract4ristiques  de  ces  moyena  sont  r4sum4es  au  tableau 
X. 

2.3.  -  Mannequin  t 

Les  mannequins  utilis4s  sont  du  type  ALDERSON  VIP  50.  Trois  tailles 
diff4rentes  sont  utilis4es  selon  les  essais,  98  percentile,  50  percentile  et  3 
percentile. 


3.  -  RESULTATS 

L'4tude  porte  sur  30  tirs  de  compatiblit4  du  si4ge  MK  10  r4alis4s  entre 
1979  et  1988  k  l'occasion  de  diff4rents  programmes  a4ronautiques  (Mirage  PI  CR,  Mirage 
Pi  B,  Mirage  2000,  Rafale,  Alpha- jet).  Les  vitesses  d'4jections  s'4tendaient  de  587,8 
KEAS  (302,4  m/s)  k  61  KEAS  (31,4  m/s).  Le  choc  &  I'ouverture  de  la  voilure  pr.incipale 
a  pu  etre  analyst  dans  27  cas. 

Avant  de  consid4rer  les  r4sultats  d’ ensemble,  il  convient  d'illuatrer 
l'intensit4  du  choc  en  grande  vi tease  avec  un  exemple  pr4cis. 

3.1.  -  Pr4sentation  d*un  tir  * 

Le  trac4  nr4sent4  k  la  figure  1  a  4t4  enregistr4  k  l'occcasion  d'un 
tir  r4alis4  k  578  Kts.  On  peut  observer  que  1' acc4l4ration  Gz  maximale  eat  largement 
sup4rieure  k  25  G  (saturation  du  capteur  acc4l4rom4trique )  pendant  une  dur4e  qui  exc&de 
100  ms. 


Compte  tenu  des  donn4es  existantes  dans  la  litt4rature  et  bien  qu'il 
soit  parfois  hasardeux  d’extrapoler  k  l'homme  les  r4sultats  obtenus  avec  un  mannequin, 
on  peut  penser  que  le  risque  fraumatique  dans  ce  cas  aurait  4t4  particuliferement  s4v4re. 

II  est  4galeraent  int4ressant  de  consid4rer  les  param4tres  d4taill4s 
de  ce  tir,  pr4sent4s  eu  tableau  II.  On  observe  que  la  vitessa  sur  trajectoire  du  si4ge 
au  moment  du  d4verrouillage  retard4  est  relativement  4lev4e  (132  m/s)  par  rapport 
&  la  moyenne  (environ  120  a/s),  Ceci  t4moigne  d*un  travail  insuffisant  du  parachute 
stabilisateur .  D' autre  prrt,  la  dur4e  d'ouverture  du  parachute  (D4lai  entre  le 
fonctionnement  du  m4canisme  de  d4verrouillage  retard4  et  premier  grand  diaroitre  de 
la  voile,  est  tr4s  br4ve  (610  ms,  350  entre  la  tension  des  suspentes  et  le  grand 
diam4tre).  En  quelque  sorte,  la  voilure  s' est  "trop  bien  ouverte". 

Ceci  montre  bien,  que  pour  une  4jection  techniquement  r4ussie,  des 
variations  minimes  dans  les  param4tres  critiques  peuvent  entrainer  des  chocs  k 
I’ouverture  s4v4ree,  susceptibles  d* entrainer  eux  m4me#  dea  blessurea  graves, 
4ventuelleaent  la  mort  du  pi lot e. 


3.2.  -  Valeurs  moyennea 


Le  tableau  III  prAa*nt*  les  valeurs  moyennas  dec  acceleration*  Gs  relevA*L 
A  l'ouvartur*  pour  troi*  classes  de  viteaaa  d' ejection  (supArlaure  A  450  REAS,  antra 
450  at  150  REAS,  inferiaura  k  150  REAS). 

Si  l'on  considAr*  las  durAea  d ' accelerations  superiauras  k  100  ns,  pour 
las  ejactions  k  grande  viteaaa,  on  observe  qua  las  valours  moyennas  d' accelerations 
+  Gs  sont  largement  superiauras  k  callas  ohtonuas  avac  las  vitassas  plus  faiblaa. 
Las  valaurs  relevees  pour  la  class*  150  -  4  50  REAS  sont  pour  laur  part  relativement 
proches  da  ca  qui  results  da  1 1  utilisation  da  parachutes  classiquas  (sportifs  ou 
militairas).  Notons  toutefois  qua  la  plupart  das  tirs  k  grande  vi tease  ont  AtA  realises 
avac  das  nannaquins  98  percentile,  alors  qua  baaucoup  da  tlr  h  t aible  vitassa  ont 
utilise  das  nannaquins  k  50  ou  3  percentile. 

Las  valaurs  naxinalas  observes*  an  pic  at  las  valaurs  relevees  A  la 
tension  das  suspentes  accroissent  encore  las  differences  antra  las  tlrs  grande  vitassa 
at  las  deux  autras  classes. 

La  rAg lamentation  frangaise  sur  1'intansitA  maxiawl*  admissible  du  choc 
A  l'ouverture  prAvoit  una  limit*  da  12  G.  Cette  rAg lamentation  ast,  bian  sQr,  uniqueoent 
appliquAe  aux  parachutes  nilitairas  at  sportif*  at  aux  voi lures  da  sauvataga  classiquas. 
Cette  norma,  dAjA  trAs  criticable  dans  ca  cadre  se  revAla  done  totalement  lnadaptA* 
au  problAma  du  choc  A  l'ouverture  lors  das  ejections.  Caci  amAne  A  posur  una  question t 
Paut-il  at  est-il  possible  de  normaliaar  las  chocs  A  l'ouverture  das  voilures  de  siAga 
Ajactabla  ? 

4.  -  NORMALISATION  DBS  CHOCS  DE  L'OUVERTPRB  DBS  PARACHUTES. 

Avant  d'abordar  catte  discussion,  11  parait  opportun  d'effectuer  un 
bref  rappel  aur  1 'analyse  biomecanique  des  effets  du  choc  A  l'ouverture. 

4.1.  Analyse  biomecanique  du  choc  A  l'ouverture  t 

II  existe  relativement  peu  de  donnAee  experiment ales  prAcises  sur  les 
chocs  A  l'ouverture  des  parachutes  lors  des  ejections.  En  revanche  da  nombreux  travaux 
aa  sont  attache*  A  prAciser  la  direction  et  1' amplitude  des  accelerations  aubles  par 
das  parachutistes  utilisant  des  parachutes  militairas  ou  sportifs. 

Dlversas  approches  experiment* les  ont  AtA  tentAes,  an  particulier  par 
CALL  at  coll,  ainai  qua  par  REID  (2,7).  Las  rAsuItats  obtenus  lors  da  ces  Atudes  ont 
permis  da  prAciser  les  notions  d' acceleration  cubies  par  la  parachutiste  lors  da 
l'ouverture.  En  utilisant  una  technique  de  tAlAmesure  pendant  la  saut,  las  signaux 
de  jauges  de  contraintea  et  d' accAlAromAtres  linAaires,  placAs  selon  lea  trols  axes 
du  corps  au  niveau  du  thorax,  ont  pu  Atre  enregistrAa  pour  dlffArents  sujets  et 
plusieurs  types  de  parachutes.  Les  reaultats  obtenus  montrent  que  la  valeur  moyennu 
du  pic  d' acceleration  ♦  Gs  attaint  7.4  G,  avec  une  trAs  grande  variabilitA  (de  2,7 
A  15  +  Gs,.  La  valeur  moyenne  de  pica  d ' acceleration  transverse  Gx  Atait  de  6.8  Gx 
avec  des  valaurs  extremes  de  2.7  A  14  Gx. 

L' analyse  dAtaillAe  des  forces  qui  s'exercent,  aurtout  au  niveau  du 
rachls  du  parachutiste,  constitue  une  demarche  essentielle  pour  comprendre  les  effets 
ou  choc  A  l'ouverture. 

Les  forces  crAes  par  le  dAveloppement  de  la  voilure  aont  transmises 
au  niveau  de  la  jonction  AlAvateurs-harnais  qui  ae  trouve,  pour  la  plupart  des 
parachutes  en  service,  entre  la  base  du  cou  et  la  jonction  acroniio-claviculaire.  Pour 
ce  qui  concerne  le  rachis,  on  constate  done  que  l'axe  joignant  les  raccordements  de 
la  voilurs  aur  le  harnaia  paxae  trAs  prAs  de  la  charniAre  cervlcodorsale. 

Lors  de  l'ouverture  du  parachute,  deux  AvAnements  sont  A  considArer 

-  D'un  cdtA  de  l'axe  prAcAdemment  dAfini,  les  forces  d' inertia  s'exercant 
aur  1' ensemble  tAte-colonne  cervicaie  par  rapport  au  thorax  font  apparaitre  un  couple 
qui  entralne  une  hyperflexion  de  la  tete  aur  le  thorax. 

-  Le  thorax  et  le  bassin  du  parachutiste  sont,  en  quelque  sorte, 
enveloppAs  par  la  harnais  du  parachute.  Bn  raisonnant  en  termes  d'inertie,  les  forces 
s'appliquant  par  l'intermAdizire  des  sangles  basses  du  harnais,  cuissardes  et  fess*Are, 
vont  raettre  la  rachis  dorsal  et  lombaire  en  compression.  L'effet  est  done  celui  des 
accelerations  +  Gz,  comparable  par  example  au  depart  du  siAge  Ajectable. 

ParallAlement  A  cet  aspect  biomAcanique,  les  observations  de  traumatologie 
du  choc  A  l'ouverture,  Men  que  relativement  rares,  amAnent  A  considArer  deux  types 
de  lAsions  diatinctes  :  les  lAsions  da  la  colonne  cervicaie  et  lea  fractures  du  rachis 
dorsal  au  niveau  de  D9-D9.  II  temble  done  logique  de  ccrreler  les  aspects  biomAcanique 
et  traumatologique. 


Deux  points  sont  4  souligner  i 

-  Dsns  touu  l«a  css,  1'Atat  ds  Xa  musculature  paravertAbrale,  contraction 
oa  relaxation,  s am his  jousr  an  rdls  important  dans  1' apparition  ds  l4sions. 

-  Pour  cs  qui  cones  ms  Iss  4jections  ds  pilotss  d' avion#  ds  combat  ,un 
fsetsur  aggravant  nouveau  apparait  au  nivsau  du  rachis  cervical,  avac  1* utilisation 
ds  dispositifs  optronique*  moat As  tur  la  casque.  Ceux-ci,  en  augaentant  la  maase  du 
systems  t4ts  ecu  at,  4vsntusl lament,  sn  dAplagant  Is  centra  d*  inertia  ds  la  tits# 
vont  contribusr  4  la  erdation  da  couples  encore  plus  important*. 

Compte  tenu  das  rAsultats  expArimentaux  obt.enua  lors  das  4jactions  grands* 
vltaeses,  on  doit  alor*  con*id4rer  qua  la  risque  traumatique  au  niveau  du  rachis 
cervical  conatitue  dans  ces  conditions  un  factaur  trAs  p4naliaant  pour  la  r4ussite 
da  I'Ajaction.  Encore  faudrait-il  disposer  da  critAres  prdcis  permettant  d'4valuar 
ce  risque  avac  certitude. 

4.2.  -  Crit4ree  da  X4sion  at  normalisation  : 

La  pr 4a labia  4  touts  dAmarche  da  normalisation  eat  d'Atablir  dee  crit4ras 
da  14a  ions  fiables.  Dans  ca  domains,  da  nombreux  trsvsux  ont  4t4  rAalisAs,  an 
partlculier  pour  ca  qui  concerns  la  traumatologie  das  accidents  d' automobile. 

Toutefois,  las  diffArents  crit4ras  d4finls  dans  cas  conditions  na  sont 
pss  forcAment  applicablas  diractamant  au  problAme  du  choc  4  l’ouverture. 

A  l'heure  actual la ,  pour  ca  qui  concarna  lea  parachutes  d'une  mani4ra 
gAnArale,  la  proeddure  d ' homologation  comports  une  s4ria  da  lancers  mannequins  at 

das  sauts  hums ins. 

Parmi  las  crit4res  ratanus  dans  la  norma  existent  an  Franca,  11  ast 
sp4cifi4  qua  1' effort  maximum  4  l’ouverture,  mesur4  au  niveau  das  4l4vateurs,  na  doit 
pas  d4passer  1200  d*N.  Avac  una  masse  suspendue  da  100  kg,  cala  correspond 
approximativement  4  un  pic  d* acc4l4ration  da  12  G.  Toutefois,  la  norma  na  apdeifie 
aucun  crit4re  temporal  assocl4  4  la  notion  d'intensltA. 

L'Alaboration  d'une  norma  plus  ■comprAhenaive*  impliqua  done  an  presiier 
lieu  I'intAgration  du  param4tra  tamps  aux  crit4ras  da  jugement.  II  ast  en  effat  bian 
Atabli  dapuis  las  nombreux  travaux  man4s  4  la  suite  da  STAPP  qua  das  acc4l4rationa 
bian  plus  4lev4es  qua  12  G  peuvent  4tra  support4as  sans  dommage  par  l'organisma  humain 
4  condition  d* avoir  das  duress  trAs  brAves.  Par  contra,  dAs  qua  la  durAe  d' application 
augmante,  1'intensitA  tolArable  dAcrolt  trAs  rapidanent,  ca  qui  constitua  una  donn4e 
trAs  classique.  One  axcallanta  revue  da  ce  problAme  a  4t4  r4alis4e  par  SNYDER  (8). 

La  problAme  consists  done  4  dAterminer,  d'aprAs  lea  diffArentes  courbas 
da  tol4rance  Atablle*  an  fonction  du  tamps,  un*  enveloppe  du  choc  A  l’ouverture  maximal 
supportable  sans  dommage  par  l'organisma  humain.  Catta  enveloppe  davrait  prendre  an 
compte  non  seulement  1'intensitA  das  acc414rations  at  laur  durAe,  mais  aussi  la  notion 
da  jolt  (dArivaa  da  1* accAlAration) .  Da  plus,  un\  telle  enveloppe  devrait  Agalement 
couvrir  las  deux  aspects  AvoquAs  pour  la  biodynamique  du  choc  4  l'ouverture  avac  lea 
contraintes  au  niveau  du  rachia  cervical  at  dorsal. 

On  paut  done  considArer  ais Ament  qua  1' Atablisaement  d'une  norma  rApondant 
4  cas  critAres  est  relativement  complex*.  Da  nombreux  auteurs  et  en  partlculier  EWING, 
sa  sont  attachAs  4  dAfinir  las  limites  da  tolAranca  de  1' ensemble  tAte-cou  pour  las 
accAlArations  Gx  (3,4).  Certain**  Atudes  (2)  ont  mAme  prAcisA  la  rAponsa  da  la  tlte 
lors  das  ouvertures  da  parachutes.  Toutefois,  1' interprAtation  et  la  transposition 
da  sas  donnAes  an  vua  da  1' A labor at ion  d'une  norma  rests  difficile. 

La  modAlisation  mathAmatique  da  la  dynamique  das  segments  corporals 
soumis  4  das  accAlArations  complexes  constituent  sans  aucun  doute  une  approche 
intAressante.  HUSTON  et  KAMMAN  ont  appliquA  de  tels  mod  Ales  au  choc  4  l'ouverture 
das  parachutes  (5).  Una  telle  approche,  couplAe  4  la  modAlisation  du  choc  4  l'ouverture 
salon  las  caractAristiques  du  parachute  (6),  paut  amener  un  jour  nouveau  aur  la 
problAme. 


Toutefois  ces  modAles  sont  esaentiellement  descriptifs  et  ils  ne 
pourraient  Aventuel lament  rApondre  qu'A  une  partis  du  problAme.  Ils  fournissent 
cepandant  un  outil  prAcieux,  car  la  mesure  directe  de  donnAes  biomAcaniques,  sur  aujet 
humain  lors  d'un  saut  rAel,  prAsente  de  sArieusaa  contraintes  et  ast  diffici lament 
applicable  en  routine. 

La  problAme  da  la  reprAsentativitA  des  mannequins  pour  les  Atudes  du 
choc  4  l'ouverture  a  AtA  abordA  il  y  a  quelques  annAes  par  BALDOCK  (1).  Sur  ca  point, 
il  faut  noter  les  efforts  rAalisAa  pour  doter  les  mannequins  anthropomorphiques  d'une 
plus  grande  reprAsentativitA,  an  partlculier  vis  4  vis  das  accAlArations  +  Gs. 

En  dApit  da  toua  ces  AlAmenta,  il  faut  bien  reconnaltre  qu'il  n'existe 
pas  da  norma  simple,  de  mise  en  oeuvre  facile,  susceptible  d'Atre  universe lleraent 
acceptAe,  qui  puisse  4  l’heure  actuelle  s'appliquer  au  choc  4  l'ouverture  des 
parachutes. 
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La  normalisation  du  choc  4  l'ouvertura  da  parachuta  aat  un  4l4ment 
indiapanaabla  pour  1* homologation  daa  voilures  aportivaa  at  militairaa.  Pour  ca  qui 
concama  laa  parachutaa  da  aauvataga  at  plus  ancora  laa  voiluraa  da  si4ge  4jectable 
d ana  laa  conditions  grande  vitaaaa  at  baa a a  altitude,  on  paut  a'interroger  aur  la 
biea-fond4  d'una  talla  d4marche. 

La  ala  a  an  oeuvre  da  caa  voiluraa  correspond  4  daa  aituationa 
except ionnel laa  ou  da  touta  fagon  la  via  du  pilota  aat  an  jeu  d4s  la  d4part.  Compte 
tanu  da  la  multiplicity  daa  factaurs  degression,  caci  apparait  particulifcreaent  vrai 
pour  laa  4jections  an  limita  da  domain#. 

Zl  faut  toutefoia  conaid4rar  qua  las  diff4rentea  phases  da  l’4jaction 
constituent  one  chains  at  qu'une  4jection  n'aat  totalamant  r4ussia  qua  lorsque  la 
pilota  aat  au  sol*  sans  pr4senter  da  14aion  traumatiqua. 

Laa  r4aultats  obtanua  lora  daa  tira  da  compatlbilit4  an  grande  vitaaaa 
montrent  qua  da  faiblaa  variations  sont  auaceptibles  d'entrainer  daa  chocs  It  l'ouvertura 
difficilamant  aupportablas  par  1* organisms.  Dana  caa  conditions  la  fait  d* avoir  un 
objectif  pr4cia  at  raisonnable  da  limitation  da  choc  4  l'ouvertura  conatitue  on  4l4»ant 
qui  as  paut  qua  contribuer  4  la  r4ussite  daa  4jactiona. 
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Laa  4jactiona  granda  vitaaaa  an  baaaa  altituda  damaurant  dea  situations 
ou  la  risque  traumatiqua  aat  important.  Las  r4sultats  exparimentaux  obtanua  montrant 
qu'4  cdt4  daa  agressions  classiquaa  (propulsion  du  sifega,  aouffla  a4rodynamique) , 
la  choc  4  l'ouvertura  da  la  voilura  principals  aat  hautement  auacaptibla  d'etre  4 
1* origins  da  traumatismaa  graves,  voire  mortals. 

Il  semble  n4cassaira  da  prdcisar  las  limitaa  da  tol4rance  du  corps  humaln 
at  an  particulier  du  rachia  cervical,  vis-4-vis  da  ca  type  degression.  Cette  demarche 
davrait  parmattra  d'4tablir  una  norma  da  r4f4renca  pour  las  chocs  4  l'ouvertura  das 
parachutes. 


Zl  spparait  an  tout  cas  souhaitabla  qua  la  pr4vention  da  chocs  4 
l'ouvertura  exceesivement  4lev4a  soit  examin4a  avec  attention  par  lea  conatructeurs 
da  ei4ges.  A  cat  4gard,  laa  progrts  rdcaanent  introduits  dans  la  stabilisation  das 
sitges  4jectables  constituent  ind4niable»ent  un  aspect  positif  dans  ca  sens. 


references 


1.  Baldock  J.O.,  Raid  D.A.,  Buckman  J.A.,  Whitecar  J.D.  i  Parachuta  opening  shock 
experienced  by  humans  and  humans  analogs.  Preprints  from  45th  annual  scientific 
masting  of  the  Aaroapaca  Medical  Association  34,  Washington  D.C.,  1974. 

2.  Call  D.W. ,  Palmar  J.P.,  Swine  C.L.  :  Human  head  and  neck  response  to  multi  axis 
accelerations  during  military  parachuting.  Research  Paper  of  work  unit  HP  51.524 
005  702  DA/J  Navy  bureau  of  medicine  and  surgery,  1975. 

3.  Ewing  C.L.,  Thomas  D.J.  :  Torque  versus  angular  displacement  response  of  human 
head  to  *  Gx  impact  acceleration.  Seventeenth  STAPP  car  crash  conference.  Society 
of  automotive  engineers.  Maw  York, 309-342 ,  1974. 

4.  Ewing  C.L.  :  Injury  criteria  and  human  tolerance  for  the  neck.  Aircraft 
crashworthiness.  University  press  of  Virginia,  Charloattesville,  1975. 

5.  Heinrich  H.G. ,  Saari  O.P.  :  Parachute  opening  shock  calculations  with 
experimentally  established  velocity  and  area  functions.  AIAA  5th  Aerodynamic 
deceleration  systems  conference  Ho  75-1382,  1975. 

6.  Huston  D.L.,  Kamman  J.W.  :  On  parachutist  dynamics. Technical  report  UC  MIE 
100180  10-ONR,  Office  of  Naval  Research,  1980. 

7.  Reid  D.H.,  Doerr  J.E.,  Doshier  H.D.,  Bllerston  D.G.  :  Acceleration  and  opening 
shock  forces  during  free-fall  :  parachuting  :  Physiological  studies  of  military 
parachutists  via  FM/FM  telemetry  III  Aerospace  Med.,  (11),  1207-1210,  1971. 

8.  Synder  R.G  :  Impact.  Bioastronautics  Data  Book  NASA  SP-3006,  National  Aeronautics 
and  Space  Administration,  Washington  D.C.,  (6),  221-295,  1973. 


T1R  SIEGE  MK.10 


VITESSE  0 ‘EJECTION  578  KEAS 


MANNEQUIN 


M  PERCENTILE 


1«4k« 


DUREE  OUVEHTURE 


•10  nw 


DUKE  COMPLEMENT  DC  V01LURE 


VITESSE  AUMDR 


132  m/* 


VITESSE  *  LA  TENSION  SUSPENTE 


114  m/% 


Oz  A  LA  TEN  SION  SUSPENTE 


230/ 23m* 


Ox  MAXI  A  L'OUVERTURE 


>  2SQ  p*od*m  200m* 


VITESSE  SUR  TRAJECTOIRE 
AU  ORANO  01AMETRE 


2Sm/« 


TABLEAU  «*  2  ■  Caracttf rlatlqu**  ddtalllA**  dn  tlr  K  10  1  57S  EXAS 


MOYENNE  DES  CHOCS  A  L’OUVERTURE 
SIEGE  MK 10  -  VOILE  GQ  1000 


450>VE>  150  KEASI  5 


VH  <  150  KEAS  8 


10,3 

±2,5 


4,3 

±2,3 


±2,5 


4,3 

±2^ 


6,9 

±3,7 


2,8 

±1,8 


TAIPJAn  1*  3  i  Valeura  ■oyaaaa  daa  choc*  8  l'ovrartar* 
obtains*  poor  dlffSrant**  claa*a*  d* 


DEVELOPMENT  OF  AN  EJECTION  SEAT  SPECIFICATION  FOR  A 
NEW  FIGHTER  AIRCRAFT 


by 

DJJUXoa 

Royal  Air  Force 
Institute  of  Aviation  Medicine 
Farnbo  rough,  Hants  GU 1 4  6SZ 
United  Kingdom 


Introduction 

The  development  of  a  new  aircraft  brings  vith  it  the  opportunity  to  incorporate  improvements,  and  new 
features,  in  the  design  of  the  escape  system  that  experience  vith  previous  systems  has  shown  to  be 
necessary.  Just  such  an  opportunity  occurred  vith  the  announcement  of  the  development  of  the  European 
fighter  Aircraft.  The  United  Kingdom  input  to  the  specification  of  the  ejection  seat  for  this  aircraft 
vas  derived  from  accident  experience  and  from  analysis  of  ejection  test  data  from  previous  marks  of 
ejection  seat.  The  aim  of  this  paper  is  to  discuss  the  problem  of  impairment  of  consciousness  on 
ejection,  the  rationale  for  improvements  in  ejection  seat  stability,  and  measures  taken  to  improve 
ejection  seat  headbox  impact  attenuation. 


Accident  Investigation 

The  purposes  of  investigating  the  use  of  ejection  seats  are  to  check  that  the  ejection  seat  has  functioned 
correctly,  and  to  attempt  to  determine  whether  the  operation  of  the  escape  system  has  contributed  to  any 
injuries  that  the  aircrevman  has  suffered.  Ejections  fall  into  two  groups:  those  within  and  those  outside 
the  safe  escape  envelope.  Quantification  of  the  ejection  conditions,  a  task  eased  by  the  increasing  use  of 
accident  data  recorders,  allows  an  estimate  to  be  made  of  how  close  an  out  of  envelope  ejection  is  to  the 
safe  escape  boundary.  Subsequent  computer  reconstruction,  using  iterations  of  different  escape  conditions, 
can  refine  these  estimates.  Use  of  the  computer  model  also  permits  the  testing  of  changes  in  time  and 
drogue  and  parachute  performance  on  escape  system  behaviour.  Thus  potential  improvements  can  be  checked 
cheaply  and  quickly  without  iamediate  recourse  to  expensive  experimental  ejection  test  shots.  Use  of  such 
techniques  has  produced  requirements  for  progressive  increases  in  the  sise  of  ejection  seat  safe  escape 
envelopes.  Royal  Air  Force  ejection  experience  has  however  shown  the  following  to  be  of  concern  on  other¬ 
wise  ’within  envelope*  escapes: 

a)  Impairment  of  consciousness 

b)  Ejection  seat  instability 

c)  Helmet /parachute  riser  interactions 

d)  Head/headbox  interactions 


Impairment  of  consciousness 

As  a  result  of  the  work  conducted  at  the  Royal  Air  Force  Institute  of  Aviation  Medicine  in  support  of 
AGARD  AMP  Working  Group  11,  t  review  vas  conducted  on  the  incidence  of  impairment  of  consciousness  on 
'within  envelope'  ejections  between  1 968— 1 96 1  (Anton  198*0.  Impairment  vas  taken  as  referring  to  a 
condition  where  some  degree  of  disturbance  of  cerebral  function,  considered  to  have  been  caused  by  acceler¬ 
ation,  has  occurred,  but  where  the  circumstances  of  the  accident  preclude  the  precise  definition  of  the 
alteration  of  consciousness.  In  the  past  it  has  been  the  custom  to  ask  the  Medical  Officer  reporting  on 
the  accident,  to  assess  the  injured  crewmember  as  to  whether  he  vas  comatose,  or  had  suffered  a  degree  of 
concussion.  This  approach  was  unsatisfactory  as  it  resulted  in  a  aeries  of  records  where  the  degree  of 
head  injury  could  not  be  objectively  compared  between  accidents,  due  to  the  lack  of  commonality  of 

asoessment  by  the  recording  Medical  Officers.  Accordingly  a  new  system  vas  devised  based  upon  an  assess¬ 

ment  of  the  duration  of  post  traumatic  amnesia.  This  could  be  assessed  from  the  time  history  of  the 
accident,  the  subject's  documented  statement  about  the  accident,  the  clinical  notes  and,  where  necessary 
and  possible,  by  re-interviewing  the  subject.  A  further  value  of  using  post  traumatic  amnesia  as  an 

index  is  that  it  is  related  to  the  degree  of  cerebral  damage,  (Russell,  1932,  1971)  as  veil  as  being  a 

predictor  of  subsequent  recovery  from  head  injury  (Jennett  &  Teasdale  1981).  For  the  purposes  of  the 
study,  the  duration  of  post  traumatic  rsmesia  was  defined  as  the  duration  of  absence  of  memory  from  the 
initial  event,  to  the  return  of  continuous  memory.  Thus  'islands  of  memory ’  were  recorded  within  the 
duration  of  the  post  traumatic  amnesia. 

With  the  above  provisos,  six  survivors  from  two  hundred  and  thirty  seven  within  envelope  ejectees  (2.5t) 
were  assessed  as  having  suffered  a  head  injury,  as  evidenced  by  a  post  traumatic  amnesia  lasting  from  one 
to  two  minutes,  to  four  hours.  Eight  fatalities  were  also  noted  in  this  series,  one  of  which  showed 
unequivocal  evidence  of  impairment  of  consciousness,  three  others  exhibiting  circumstantial  evidence  of 
the  same,  to  give  an  overall  incidence  estimate  of  h.2%.  The  probable  cause  of  the  impairment  of  con¬ 
sciousness  in  the  survived  and  in  the  fatal  groups  is  shown  in  Tables  142.  It  can  be  seen  that  ejection 
forces,  a  loose  term  embracing  ejection  seat  instability  and  drogue  and  parachute  forces,  and  including 
both  direct  and  inertial  trauma,  were  deemed  to  be  responsible  for  half  of  the  impairment  of  consciousness 
related  fatalities  and  a  third  of  the  injuries  in  the  survived  group. 
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Table  t 

Probable  Cause  of  Impairment  of 
Consciousness  in  Survived  Group 


Through  Canopy  Ejection  1 
Pit  Head  on  Ground  2 
Ejection  forces  2 
He ad /He ad box  contact  1 


Table  2 

Probable  Cause  of  Impairment  of 
Consciousness  in  fatal  Group 


Through  Canopy  Ejection  2 
Ejection  forces  2 

The  incident  of  impairment  of  consciousness,  and  fatality  related  impairmsnt  of  consciousness,  and  fatality 
related  impairment  of  consciousness,  has  not  been  documented  since  1991  *  but  unofficial  estimates  indicate 
that  the  incidence  is  esssntially  unchanged  despite  the  virtual  elimination  of  through  canopy  ejection. 


Ejection  seat  instability 

It  ha a  been  known  for  some  time  that  unless  ejection  seats  are  stabilised  they  have  a  tendency  to  roll, 
and/or  yav,  during  rocket  burn,  shortly  after  initial  entry  into  the  airstream.  As  a  result  of  this 
instability,  subsequent  drogue  and  parachute  deployment  vectors  can  be  markedly  'off  axis',  giving  rise,  on 
occasion,  to  unacceptably  high  forces  on  the  seat  occupant.  The  following  two  cases  (Anton,  op  cit)  show 
examples  of  lateral  parachute  extraction,  thought  to  be  due  to  ejection  s*at  instability,  where  concern 
was  expressed  that  the  crewman  may  have  been  incapacitated  as  a  result  of  forces  experienced  during 
ejection. 

Case  Ro  105. 

This  aircraft  was  one  of  a  pairs  formation.  The  subject  aircraft  crea  had  been  briefed  to  do  a 
loose  article  check  at  some  stage  of  the  flight.  At  k20kt#  in  company  with  the  first  aircraft,  the 
subject  aircraft  rolled  a  full  3^0  degrees,  and  then  rolled  again.  In  the  second  roll  it  pitched 
nose  down,  whilst  inverted.  The  canopy  was  seen  to  detach,  and  a  flash,  possibly  due  to  the  .'ocket 
motor  of  the  ejection  seat  was  seen.  The  instructor  from  the  rear  seat  of  the  subject  aircraft  was 
recovered,  drowned,  beneath  an  apparently  normally  deployed  parachute.  He  had  not  accomplishes!  any 
post  ejection  drills.  Investigation  shoved  that  the  aircraft  was  yawing  markedly  at  the  time  the 
instructors  ejection  was  initiated.  Reconstruction  and  computer  simulation  indicated  that  the 
ejection  was  probably  'within  envelope'.  Investigation  also  revealed  evidence  of  lateral  parachute 
extraction.  At  autopsy  there  vas  evidence  of  bruising  in  the  right  paravertebral  muscles  although 
there  was  no  evidence  of  damage  to  the  brain  or  spinal  cord. 

Case  Bo  195. 

This  case  involved  an  instructor,  flying  a  single  seat  aircraft  in  a  pairs  formation,  who  vent 
missing  in  same  mountains  after  s  low  level  abort.  The  aircraft  vas  found  twenty  four  hours  later, 
the  ejection  seat  three  days  after  the  accident,  and  the  pilot's  body,  four  days  after  the  accident. 
Investigation  showed  that  the  pilot  had  been  dragged  for  some  300-350  metres,  over  rough  ground, 
before  being  pulled  over  a  cram.  Subeequent  reconstruction  of  the  aircraft  and  ejection  seat 
trajectory  shoved  that  the  pil'c  rculd  have  been  in  parachute  descent  for  one,  to  one  and  a  hall 
minutes,  prior  to  parachute  landing.  There  vas  no  evidence  of  any  post  ejection  drills  being 
accomplished.  The  autopsy  shoved  multiple  skull  fractures,  most  of  which  appeared  to  be  post-mortem, 
but  one,  behind  the  right  ear,  showed  evidence  of  rather  more  bleeding,  and  night  thus  have  been 
ante-mortem.  Examination  of  the  ejection  seat  revealed  that  the  parachute  had  been  extracted 
laterally  with  considerable  force,  to  the  extent  of  actually  fracturing  the  parachute  container 
where  it  vas  restrained  within  the  ejection  seat. 

These  two  cases,  which  occurred  within  six  months  of  each  other,  triggered  an  investigation  into  the 
stability  of  the  particular  type  of  ejection  seat  concerned.  Initial  information  from  the  trials  films 
indicated  that  yav  rates  in  excess  of  2000  degrees  sec.**1  could  occur,  but  these  dsts  hsd  been  obtained  by 
a  simple  single  axis  analysis  of  progressive  frames  of  35am  film.  These  rates  were  far  in  excess  of 
anything  that  had  been  measured  using  angular  rate  gyros  on  other  similar  ejection  seats.  Since  angular 
rate  gyro  data  were  not  available  for  this  particular  mark  of  seat,  a  mathematical  solution  vas  derived. 
This,  in  conjunction  with  an  ejection  seat  model  and  a  computer  program  for  the  derived  instantaneous 
angular  positions  of  the  ejection  seat,  as  seen  in  progressive  film  frames,  gave  results  that  compared 
reasonably  well  with  rate  gyro  data.  Reprocessing  of  the  data  using  the  new  method  revealed  peak  yaw 
rates  occurring  during  rocket  burn,  of  between  950-1000  degrees  sec.**1.  These  values  were  consistently 
obtained  across  the  speed  range  from  3**0-600kts.  It  should  be  noted  that  although  these  figures  for  yaw 
rates  are  high,  they  have  historically  been  deemed  acceptable  (Buchanan  1900.  The  significance  of  such 
yaw  rates  is  in  the  indication  cf  the  degree  of  ejection  seat  instability,  occurring  early  in  the  ejection 
sequence,  and  the  consequential  effects  that  this  instability  would  have  ca  subsequent  drogue  and  parachute 
deployment  vectors. 


3-3 


Drogua  Deployment 

Loads  occur  during  drogue  deployment  at  to  called  'drogue  snatch*  and  at  drogue  inflation.  Drogue  snatch 
occurs  at  line  stretch,  and  is  caused  by  the  aass  of  the  drogue  system  being  suddenly  accelerated  to  the 
velocity  of  the  seat.  On  most  kart  in  Baker  seats,  this  is  characterised  by  a  sharp  peak  and  a  short 
duration  (HcDonell  Douglas  Aircraft  Company  1$8l ).  A  typical  example  is  seen  in  figure  l. 
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The  snatch  load  is  the  first  triangular  spike  of  1362kgf  (30001bf)  with  a  30  millisecond  time  base. 
Analysis  of  data  from  a  variety  of  ejection  seat  types  and  from  several  manufacturers  shows  that  the 
acceleration  vector  with  respect  to  the  seat  can  act  in  almost  any  direction  (Figure  2). 
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Drogue  opening 

Drogue  snatch  is  followed  by  drogue  opening,  and  considerable  loads  can  be  encountered.  Figure  3  is  a 
trace  from  a  test  ejection  of  a  new  type  of  parachute  headbox,  and  a  -U5Gy  peak  can  be  seen  on  an  approxi¬ 
mately  triangular  pulse  of  1^0  Billiseconds  duration. 
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Figure  3  also  shows  that  there  is  a  significant  difference  in  the  magnitude  of  the  acceleration  in  the 
head  Left /Right  (L/R)  trace  and  the  aan  L/R,  as  recorded  in  the  torso  of  the  test  tommy.  Lack  of  fidelity 
in  tommy  neck  response  makes  the  eraluation  of  such  data  problematic,  but  it  is  dear  that  such  accelera¬ 
tions  are  highly  undesirable.  Such  drogue  opening  accelerations  are  not  unusually  high  wen  compared  with 
other  seat  test  data.  Modern  escape  systems,  however,  produce  eore  consistent  application  of  such  leads 
due  to  earlier,  and  more  reliable  deployment  of  the  drogue.  The  drogue  forces  have  on  occasion  been  high 
enough  to  fracture  the  shackle  stopa  on  the  top  of  the  ejection  seat  and  shear  easy  part  of  the  top  cross 
beam  assembly. 


Parachute  Opening  Forces 

The  parachute  snatch  force  is  produced  at  line  stretch  ao  the  mass  of  the  parachute  is  accelerated  to  the 
velocity  of  the  seat  occupant.  The  orientation  of  the  force  vector  to  the  crewman  is  dependent  upon  how 
long  the  ejection  seat  has  had  to  align  under  the  drogue,  and  is  thus  most  random  for  ejections  occurring 
below  barostat  height,  or  below  the  switch  ower  point  for  the  barometrically  controlled  G  stop  on  Martin 
Baker  MklO  seats  (Figures  4*5). 
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Wbcr«  the  scissor  schackle  release  time  is  extended,  seat  alignment  has  time  to  occur  and  the  deployment 
rectors  are  therefore  such  closer  to  the  ideal,  and  snatch  and  opening  loads  are  reduced. 


Helaet /parachute  riser  interactions 

Placing  the  parachute  in  the  headbox  of  the  ejection  seat  has  a  number  of  important  benefits.  It  also  has 
hue  important  drawback  in  that,  for  parachute  deployments  in  the  rectors  forward  and/or  to  the  side  of  the 
seat  occupant,  the  parachute  risers  hare  to  sweep  around  the  helmet  as  the  parachute  risers  go  'lines 
tight*.  One  fatal  accident  has  occurred  where  there  was  some  evidence  to  indicate  that  the  aircrewman's 
helmet  came  into  contact  with  the  parachute  risers  with  sufficient  force  to  leare  witness  marks  on  both  the 
helmet  and  the  risor  assembly.  The  crewman  concerned  died  of  a  sub  arachnoid  haemorrhage  but  without 
evidence  of  any  focal  injury.  Subsequent  laboratory  experiments,  conducted  at  forces  well  below  those 
encountered  on  escape,  demonstrated  the  capacity  for  the  parachute  risers  to  interact  with  protrusions  on 
the  helmet  when  the  risers  deployed  on  vectors  in  the  forward  hemisphere  of  the  ejection  seat.  This 
qualitative  experiment  demonstrated  not  only  the  importance  of  helmets  having  smooth  external  profiles,  but 
:  also  the  need  to  ensure  that  ejections  are  as  stable  as  possible  so  that  acceptable  parachute  deployment 

|  vectors  can  be  achieved, 

i 

The  combination  of  test  evidence  from  previous  marks  of  seats,  together  with  concern  over  the  number  of 
fatal,  but  otherwise  within  envelope  ejections,  generated  the  requirement  that  any  new  mark  of  ejection 
!  seat  must  be  stable.  Accordingly  the  United  Kingdom  raised  a  specification  requiring  a  new  ejection  seat 

1  to  be  maintained  in  a  stable  attitude  in  the  X,  Y  and  Z  axes  from  ejection  initiation  up  to  man  seat 

separation.  In  a  forward  facing  ejection,  the  seat  was  required  to  remain  face  into  wind  in  pitch  and  yaw 
]  within  ♦/- 20  degrees.  Additionally,  the  angular  motion  of  the  occupants  head  (type  of  dummy  not  specified) 

was  required  not  to  exceed  30rad  sec."1  angular  velocity  or  1*500  rad  sec. “2  angular  acceleration. 
f  As  a  further  measure,  following  the  period  of  stabilised  flight  on  the  drogue,  and  for  parachute  canopy 

container  opening  at  speeds  in  excess  of  150  KEAS ,  the  angular  displacement  of  the  dummy  torso  relative  to 
the  centreline  of  the  deploying  parachute  was  required  to  be  controlled  within  the  limits  of  pitch  defined 
by  !GI/-S-l8VriG,  and  within  15  degrees  in  roll  and  yaw.  These  angular  limits  are  to  be  maintained  through¬ 
out  the  time  interval  between  recovery  peLrachute  lines  stretch  and  recovery  parachute  first  full  open. 


Head/Headbox  interactions 

Vindblast,  and  off  axis  drogue  and  parachute  forces  can  result  in  the  head  being  brought  forcibly  into 
contact  with  the  ejection  seat  headbox.  This  first  became  of  serious  concern  during  the  high  speed 
ejection  testing  of  the  MklOA  ejection  seat  used  in  the  Tornado.  Analysis  of  the  high  speed  cine  film 
from  a  628kt  test  ejection  showed  that,  during  the  initial  rise  of  the  seat,  the  inertial  reaction  to  the 
*Gz  acceleration  forced  the  dummy's  head  forward  onto  its  chest.  As  the  head  and  the  top  of  the  seat 
emerged  into  the  air  flow,  the  head  was  driven  forcibly  back  into  the  front  of  the  headbox.  Substantial 
damage  was  caused  to  the  helaet.  Subsequent  calculation,  baaed  on  the  aerodynamic  loading,  indicated  a 
maximum  impact  veloc-ty  of  13. 6m. sec**1 ,  (Glaister  4  Gilbert  1975).  Assuming  a  slightly  lower  impact 
velocity  of  12m. sec**1  and  a  6.8kg  combined  head  helaet  mass,  gives  an  energy  of  impact  of  approximately 
U60  Joules,  rather  more  than  tviee  the  200  joules  design  criterion  laid  down  in  the  then  British  Standard 
21*95*1960.  As  a  consequence  of  this  incident  the  ejection  seat  headbox  of  the  HklOA  seat  wma  modified  to 
improve  its  impact  attenuation.  Following  modification,  the  headbox /helmet  successfully  attenuated 
impacts  energies  up  to  570  Joules  without  exceeding  20  kX  transmitted  force,  or  a  peak  acceleration  of 
310G.  Regrettably,  the  principle  of  specifying  headbox  attenuation  was  not  carried  over  to  other 
ejection  seats,  and  operational  experience  began  to  accrue  indicating  that  helmet /headbox  impacts, 
however  occasioned,  were  a  cause  of  impairment  of  consciousness  on  escape.  Two  cases  serve  as  examples: 


Case  lo  108  (Antcc  op  cit) 


This  pilot  m  tald ng  pert  La  spinning  trial*  oa  a  new  tvo  mt  aircraft.  Following  failure  to 
recover  from  a  spin,  both  pilots  ejected,  the  subject  pilot  from  the  rear.  On  subsequent  examination 
of  this  pilot's  flying  helmet  there  vas  evidence  of  contact  between  the  helmet  and  one  ving  of  the 
ejection  seat  headbox.  Following  the  accident  the  pilot  showed  a  residual  retrograde  amnesia  of 
about  one  ainute,  and  a  post  traumatic  amnesia  of  approximately  thirty  minutes. 

Case  fc/83  (Anton  1983) 

This  groundcrevman  vas  flying  in  the  rear  seat  of  an  aircraft  that  struck  some  high  tension  wires. 
Shortly  after  the  impact  the  aan  ejected.  Examination  of  his  helmet  and  the  ejection  seat  headbox 
revealed  that  there  were  tvo  areas  of  damage  at  the  rear  of  the  helmet  where  the  helmet  and  headbox 
had  come  into  contact,  with  transfer  of  material  between  the  tvo.  The  crewman  suffered  a  period  of 
post  traumatic  amnesia  of  at  Isast  five  ainutes  duration  which  may  have  included  a  period  of  frank 
unconsciousness. 

A  further  accident  occurred  in  which  an  aircrevaan  ejected  and  vas  subsequently  observed,  apparently 
unconscious,  beneath  his  parachute,  for  some  ten  to  fifteen  thousand  feet,  before  entering  and  being  lost 
at  sea.  The  Board  of  Inquiry  considered  head/beadbox  contact  as  one  of  the  possible  causes  of  loss  of 
consciousness  and  requested  that  an  investigation  be  conducted  into  the  impact  attenuation  of  the  ejection 
seat  headbox  then  fitted  to  RAJ  Hawk  aircraft.  This  investigation  (Cilks  4  Anton  1987)  demonstrated  that 
the  export  headbox  had  approximately  twice  the  impact  attenuation  of  the  version  then  fitted  to  RAF 
aircraft,  fetch  of  the  improvement  in  attenuation  actually  steamed  frem  the  differing  constructions 
employed,  it  being  considerably  easier  to  distort  the  export  headbox  than  the  RAF  one,  ie.  the  atteruation 
of  the  export  box  vas  a  function  of  the  construction,  not  of  the  impact  attenuating  material  placed  on  the 
front  of  it.  This  observation  vas  of  some  significance  since  there  vas  an  emerging  requirement  to  make 
headboxes  significantly  less  intrusive,  so  as  to  improve  pilot  head  nobility  in  combat.  One  of  the  methods 
adopted  to  meet  this  requirement  vas  to  pack  the  parachute  at  higher  packing  pressures ,  a  method  that 
resulted  in  a  significant  increase  J. a  stiffness  and  thus  diminution  of  inherent  impact  protection. 

McKenzie  (1987),  reviewed  helmet  usage  amongst  aircrew  ejecting  from  RAF  fast  jets.  This  review,  which  vaa 
incomplete  because  not  all  helmets  were  available  for  inspection,  shoved  that  seventeen  out  of  tvo  hundred 
and  twenty  three  aircrew  ejecting  successfully  suffered  helmet  impacts.  Sixteen  of  these  helmets  vere 
available  for  inspection,  and  the  cause  of  the  impact  damage  vaa  described  as  ejection  seat,  usually 
headbox,  in  seven  cases. 

The  requirement  to  move  the  front  face  of  the  ejection  seat  headbox  further  aft  in  order  to  improve  pilot 
head  mobility  has  two  important  effects.  Firstly  it  reduces  the  space  available  for  the  parachute,  thus 
probably  raising  the  stiffness  of  the  parachute  container  for  the  reasons  already  indicated;  and  secondly 
it  increases  the  distance  available  for  the  head  to  accelerate  over,  end  thus  the  impact  velocity,  in  the 
event  of  a  head/beadbox  interaction.  A  third  problem  is  also  forseen.  The  introduction  of  helmet  mounted 
equipment  requires  the  careful  distribution  of  component  items  around  the  helmet  in  order  to  maintain 
acceptable  weight  distributions.  It  is  likely  that  some  of  the  space  available  in  the  occipital  area  of 
the  helmet,  currently  used  for  impact  protection,  will  be  occupied  by  equipment  sub-assemblies,  thus 
reducing  the  level  of  impact  protection  afforded  by  the  helmet.  It  vas  therefore  decided  to  frame  the 
requirement  for  headbox  impact  protection  in  terms  that  took  account  of  the  protection  provided  by  the 
actual  helmet  adopted. 

The  UK  submission  for  the  specification  therefore  reads; 

'The  front  face  of  the  seat  headrest  shall  be  designed  such  that  the  combined  attenuation  of  the  helmet  and 
headrest  shall  limit  peak  head  accelerations  to  250G  for  impact  velocities  up  to  ifca.aec”1 .  To  enable 
development  work  to  proceed  the  specification  continued:  'The  impact  attenuation  of  the  helmet  shall  be 
taken  as  being  capable  of  limiting  the  peak  deceleration  to  30X  for  an  impact  energy  of  >22  joules  with 
an  equivalent  head  and  helmet  mess  of  5.7kg'. 


This  paper  describes  an  evaluation  of  the  problems  of  ejection  seat  instability,  and  the  aetiology  of  head 
injury,  in  Royal  Air  Fcrce  ejection  experience  since  1968. 

Part  of  the  resulting  UK  input  to  the  specification  for  a  new  ejection  seat  for  the  European  Fighter 
Aircraft  has  been  deacribed.  The  new  features  are  principally  related  to  improvements  in  ejection  seat 
stability  and  parachute  head  box  impact  attenuation. 
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SUMMARY 


A  range  of  recent  topics  In  the  escape  systeas  research  prograane  at  the  EstabllahsMnt 
la  described.  Prcwlnent  aaong  these  Is  the  computer  simulation  of  ejection  seat  dy¬ 
nasties  which  enables  prediction  of  the  behaviour  of  escape  systems  In  different  con¬ 
ditions,  and  complements  the  experimental  methods  of  Investigation.  Other  topics 
described  Include  passive  methods  of  seat  stabilisation  using  plates  to  supplement  a 
bridle-mounted  drogue,  use  of  a  reefed  drogue  to  Improve  deceleration  characteristics, 
consideration  of  some  novel  methods  of  deceleration,  and  use  of  Inflatable  restraint 
devices.  Electronic  sequencer  developments  are  described,  leading  to  provision  of  a 
high  capacity,  high  reliability  sequencer  for  trials  use.  The  paper  concludes  with  a 
consideration  of  blodynaaic  modelling  and  dunay  development. 

INTRODUCTION 


The  work  of  the  Royal  Aerospace  Establishment  at  ramborough  UK  includes  research  and 
development  on  aircraft  escape  systems.  In  this  field,  we  work  closely  with  Industry 
(Hart in-Baker)  and  the  user  (represented  typically  by  the  RAF  Institute  of  Aviation 
Medicine).  One  of  the  key  elements  in  the  RAE  programme  of  research  la  the  computer 
simulation  of  ejection  seat  dynamics. 

COMPUTER  SIMULATION 


Thi*  degree  of  freedom  simulation,  which  can  be  used  to  predict  the  trajectory 

and  attitude  of  an  ejected  package  under  a  wide  range  of  different  conditions  (ref  1,  21 
The  equations  of  motion  describe  rigid  body  freedoms  of  the  ejected  package  In  the  three 
linear  yid  three  angular  directions.  The  package  consists  of  the  seat  and  occupant  when 
rlrat  ejected,  acted  upon  by  the  forces  and  momenta  generated  by  propulsive  loads, 
aerodynamic  loads,  parachute  loads,  etc  (fig  1).  When  the  man  separates  from  the  seat, 
the  model  changes  to  a  two  body  simulation  which  conslata  of  man  and  parachute  canopy 
Joined  by  the  parachute  rigging  lines  (fig  2).  Numerical  Integration  of  the  equations 
of  motion  prooucea  a  time  history  of  the  motion  for  all  axes,  and  all  phases  of  the 
ejection  can  be  simulated  from  initiation  of  ejection  to  arrival  on  the  ground. 

The  greatest  uncertainty  In  the  predictions  made  arises  from  the  limitations  of  the 
aerodynamic  data.  A  comprehensive  set  of  static  aerodynamic  coefficients  was  obtained 
experimentally  from  tests  of  one-third  scale  seats  and  dummies  In  a  transonic  wind 
tunnel  at  ARA  Bedford,  and  this  was  backed  up  by  limited  full  scale  testa  in  a  24  ft 
wind  tunnel.  These  data  are  incorporated  in  the  computer  model  as  a  matrix  of  data 
points  which  are  Interpolated  by  the  program.  In  practice,  aerodynamic  moments  are 
sensitive  to  small  changes  in  the  proportions  of  the  seat  occupant  and  changes  in  hla 
posture,  so  that  for  an  unstablllsed  seat,  an  accurate  time  history  of  the  motion  la  not 
readily  predicted  when  the  airspeed  is  significant.  However,  under  low  air  speed  con¬ 
ditions  and  for  a  stabilised  seat  under  any  conditions,  a  good  match  Is  possible  between 
prediction  and  reality.  At  all  speeds,  the  simulation  is  an  excellent  means  of  pre¬ 
dicting  trends  In  behaviour  arising  from  systems  modifications  or  new  design  features. 
The  simulation  is  also  readily  adaptable  for  use  in  dynamic  applications  other  than 
ejection  seats. 


Of  course,  the  simulation  complements  the  use  of  experimental  methods  in  the  research 
programme.  The  main  teat  facilities  in  use  are  rocket  sleds  at  Pendlne  In  South  Vales 
irig  3),  and  the  ejection  tower  at  ramborough  (fig  4).  For  escape  parachute  testing, 
air-dropped  parachute  teat  vehicles  (ref  3)  and  a  compressed  r.lr  launcher  (ref  4)  are 
available.  Use  is  also  made  of  wind  tunnels  when  required.  Comprehensive  instrumen¬ 
tation  facilities  are  used  to  extract  the  maximum  data  from  expensive  and  time-consuming 
trials.  The  simulation  la  regularly  validated  against  trials  data  to  ensure  that  it 
gives  realistic  behaviour. 


The  simulation  la  used  to  assist  the  escape  community  in  a  wide  range  of  tasks  In¬ 
cluding  accident  investigation  for  RAF  I AM,  but  its  main  application  Is  aa  a  research 

«  la  used  to  assess  and  optimise  many  prospective  improvements  to  escape  systems 
which  arise  from  the  escape  technologies  being  developed  at  the  Establishment,  aa  will 
be  described  In  the  following  paragraphs. 


e  Controller ,  Brr  Majeet y'e  Stationery  Office  London  1)89 


4-2 


SEAT  STABILISATION 

Ejection  seats  are  not  renowned  for  their  aerodynamic  stability  in  a  high  speed  airflow. 
Without  special  precautions,  a  free-flying  seat  can  rotate  in  the  airflow  and  cause 
parachute  shock  loads  to  be  applied  to  the  aircrewman  in  hazardous  directions  (fig  5). 
Our  aeromedical  colleagues  at  RAF  IAN  have  highlighted  this  problem,  and  it  is  well 
recognised  that  lateral  loads  of  more  than  15  g  applied  to  the  head-neck  system  carry  a 
high  risk  of  injury  (fig  6). 

To  overcome  this  problem,  passive  means  of  stabilising  an  ejection  seat  aerodynamical ly 
have  been  developed  at  RAE  (ref  5,  6).  The  primary  technique  is  to  attach  the  drogue 
by  means  of  a  three-strop  bridle,  so  that  the  seat  is  held  upright  and  facing  into  the 
airflow  (fig  7).  The  drogue  needs  to  be  deployed  early,  but  this  risks  interference 
with  the  fin  of  the  aircraft.  Therefore  to  provide  early  yaw  control,  aerodynamic 
plates  should  be  added  to  the  seat.  Fig  8  shows  experimental  plates  mounted  on  one  of 
the  one-third  scale  model  seats  already  described,  to  determine  their  effect  in  the  wind 
tunnel.  Fig  9  shows  plates  of  proven  design  installed  on  a  full  size  seat  which  have 
successfully  controlled  the  yaw  attitude  in  ejection  trials  (ref  6).  In  service,  the 
plates  would  need  to  be  folded  while  the  seat  is  in  the  cockpit  and  then  deployed  on 
ejection.  Fig  10  shows  the  improved  stability  and  reduced  lateral  g  which  result. 

DECELERATION  CONTROL 

One  of  the  problems  with  using  the  drogue  as  a  stabilising  device  is  the  need  to  deploy 
it  early  in  the  sequence,  when  airspeed  may  be  high.  To  avoid  excessive  deceleration 
loads  on  the  man,  the  size  of  the  drogue  must  be  reduced.  But  then  apart  from  the 
limited  authority  which  a  small  drogue  will  nave,  as  the  speed  decays  the  drogue  will 
become  less  effective  in  slowing  the  man.  Thus  it  will  take  longer  to  reach  a  safe 
condition  for  main  parachute  deployment  and  tho  margin  for  safe  escape  will  be  reduced. 

A  typical  deceleration  trace  for  a  simple  drogue  is  shown  in  fig  11.  A  noticeable 
feature  is  the  large  dip  in  the  trace  in  between  the  drogue  inflation  and  the  main  para¬ 
chute  inflation.  Therefore  we  require  a  drogue  parachute  with  a  variable  canopy  area. 
Such  a  system  has  been  developed  under  contract  at  Irvin  GB  and  refined  by  RAE. 
Deceleration  peaks  are  reduced  by  allowing  the  drogue  to  open  progressively  jn  stages 
under  micro-processor  control  as  the  velocity  decays. 

Fig  12  shows  how  the  opening  of  the  drogue  is  controlled.  The  peripheral  reefing  line 
is  arranged  in  a  clover-leaf  pattern  and  Joined  to  a  centre  line  which  is  released  in 
stages  by  pyrotechnic  actuators.  Fig  13  shows  the  release  block  built  in  to  the 
confluence  point  of  the  rigging  lines  and  containing  a  number  of  redundant  actuators. 
These  enable  three  stages  of  de-reefing  to  be  achieved  reliably.  Ejection  trials  of  the 
system  have  highlighted  some  problems  with  initial  inflation  of  the  drogue  but  these  are 
being  addressed  (ref  6). 

Fig  14  shows  the  result  of  applying  the  system.  It  is  evident  that  much  of  the  dip  in 
the  deceleration  trace  has  been  removed  so  that  the  man  is  decelerated  more  consistently 
and  more  rapidly. 

Of  course  when  used  in  a  lower  airspeed  ejection  the  system  would  be  arranged  to  deploy 
the  drogue  in  a  more  fully  open  state,  while  below  a  particular  threshold  speed  the 
drogue  is  unnecessary  and  it  would  be  dispensed  with,  allowing  the  main  chute  to  be 
deployed  directly  for  best  performance. 

While  on  the  subject  of  deceleration  control,  a  potential  problem  arises  with  the  current 
specification  of  lightweight  seats  for  aircraft  such  as  EFA.  In  a  600  knot  ejection  the 
Initial  drag  of  the  seat  and  man  alone,  without  any  parachute,  is  likely  to  exceed  the 
critical  level  of  25  g.  Possible  ways  of  alleviating  these  loads  would  be  to  reduce  the 
seat  drag  with  a  stream-lined  fairing,  or  to  provide  a  forward  rocket  thrust  to  offset 
the  drag.  Alternatively,  aero-medical  opinion  may  come  to  accept  the  extra  hazard  of 
the  increased  g  level  in  view  of  its  short  duration  and  hopefully  the  rare  occurrence 
of  ejections  at  this  speed. 

NOVEL  METHODS  OF  DECELERATION 


The  Ideal  deceleration  trace  would  have  a  constant  level  at  the  physiological  limit  of 
20  or  25  g,  as  shown  in  fig  15.  Since  much  of  this  deceleration  is  produced  by  the  drag 
of  the  seat  and  man,  and  the  latter  decays  as  the  velocity  decays,  the  contribution  from 
the  parachute  is  required  to  be  low  at  high  speed  and  high  at  low  speed.  This  is  con¬ 
trary  to  the  usual  rules  of  aerodynamics,  and  Industry  was  invited  to  study  speculative 
methods  of  achieving  the  required  result.  Studies  at  Cambridge  Consultants  (ref  7)  and 
GQ  Parachutes  (ref  8)  considered  a  number  of  ideas,  the  following  being  among  the  more 
interesting. 

One  approach  is  to  treat  the  parachute  as  an  anchor  in  the  sky  and  reel  out  the  line 
connecting  it  to  the  seat  in  a  controlled  way.  This  can  be  done  by  using  a  material 
such  as  ply-tear  webbing,  or  by  running  the  line  round  a  controlled  capstan  (fig  16)  or 
through  a  friction  brake.  Up  to  20  m  of  line  would  be  reeled  out  in  this  way.  Ply- 
tear  webbing  gives  a  fairly  constant  force  but  this  is  not  quite  what  is  required.  The 
simplest  of  any  of  these  systems  is  estimated  to  weigh  at  least  4  kg  and  the  addition 
of  refinements  including  a  control  system  would  increase  this  figure  substantially. 
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Another  method  is  to  deply  a  drag  body  or  bodies  mounted  on  the  seat  itself.  This  could 
take  the  fora  of  an  array  of  hinged  plates,  or  an  inflatable  structure  (fig  17} ,  ar¬ 
ranged  shuttlecock  fashion.  At  increased  speeds,  the  drag  surfaces  would  tend  to  align 
theaselves  with  the  flow  and  reduce  their  drag  coefficient.  Unfortunately  the  result 
falls  short  of  the  desired  effect  unless  a  complex  control  and  actuation  system  is 
added.  Studies  suggest  that  the  drag  plates  nay  be  worthy  of  further  investigation,  but 
an  Inflatable  structure  of  this  type  would  be  excessively  heavy  in  respect  of  weight  of 
fabric  and  weight  of  gas. 

The  overall  conclusion  of  these  studies  was  that  It  would  be  difficult  to  Improve  on  the 
reefed  drogue  system  already  being  developed. 

INFLATABLE  RESTRAINTS 

At  the  same  time  as  Inflatable  structures  were  being  studied  for  use  as  drag  bodies, 
their  use  for  restraint  devices  was  investigated.  A  contract  at  Cambridge  Consultants 
has  produced  the  prototype  Inflatable  head  restraint  shown  In  fig  18.  The  device  is 
stowed  on  the  headbox  In  normal  flight  and  would  be  Inflated  on  ejection.  This  proto¬ 
type  la  being  used  in  laboratory  tests  to  establish  techniques  for  fast  and  controlled 
Inflation. 

SEQUENCE  CONTROL 

Previous  paragraphs  referred  to  microprocessor  control  of  various  parts  of  the  parachute 
system.  The  phlloaphy  followed  at  RAE  has  been  to  provide  such  control  continuously 
during  the  escape  sequence  and  not  just  in  the  selection  of  a  mode  in  the  early  part  of 
the  ejection.  Such  control  requires  the  continuous  input  of  data  from  airspeed,  altitude 
and  deceleration  sensors  mounted  on  the  seat. 

For  measurement  of  airspeed,  a  particular  design  of  shielded  pitot  has  been  developed 
(fig  19  and  ref  9).  Wind  tunnel  tests  show  that  the  output  Is  accurate  at  airflow 
angles  up  to  60  degrees  off  axis  (fig  20).  Pressure  altitude  its  measured  using  an  open- 
ended  tube  mounted  behind  the  seat  where  It  is  well  shielded  from  direct  flow  impinge¬ 
ment  from  all  directions.  The  reading  obtained  Is  a  value  of  base  pressure  which  is 
somewhat  below  the  ambient  static  value.  Proceeaing  of  the  base  pressure  and  pitot 
pressure  values  must  be  carried  out  to  deduce  a  value  for  static  pressure.  In  addition 
to  airspeed  measurement,  deceleration  Is  measured  by  accelerometers  in  each  of  the 
three  seat  axes. 

To  make  use  of  all  this  data,  Intelligent  processors  are  being  developed  at  RAE.  Fig  21 
shows  a  prototype  microprocessor-based  sequencing  system  which  has  been  developed  and 
which  has  provided  reliable  control  of  the  sequence  in  ejection  seat  trials  (ref  6). 

This  experience  led  to  a  specification  (ref  10)  for  a  high  reliability  sequencer  with 
expansion  capacity  to  handle  advanced  features  such  as  vertical  seeking  and  thrust  vector 
control.  Such  an  experimental  sequencer  is  required  on  trials  seats  to  conduct  research 
on  advanced  systems  of  that  type. 

A  development  contract  at  GEC  Avionics  has  resulted  in  delivery  of  three  sequencers  for 
this  purpose  (fig  22).  Reliability  la  achieved  by  the  use  of  triplex  80C88  processors 
with  majority  voting,  and  further  high  integrity  architecture  baa<*d  on  duplicated  power 
supplies  and  transducers.  Input  channels  include  6  integral  accelerometers,  4  pressure 
transducers,  8  external  event  switches,  and  a  triplicated  synchronous  serial  data  input 
channel.  The  serial  channel  will  °’low  receipt  of  aircraft  data,  and/or  data  from  a 
3-axls  ground  proximity  sensing  a„.  cem.  Output  channels  Include  12  duplexed  firing 
circuits  and  6  analogue  outputs.  Each  firing  circuit  generates  a  short  duration  high 
power  current  pulse  for  operating  electrically  initiated  explosive  devices.  The  analogue 
outputs  could  piovlde  signals  to  s  rocket  vectoring  eystem  or  a  gas  Jet  control  system. 
Non-volatile  memory  of  2 K capacity  ibles  storage  and  recovery  of  ejection  parameters. 

The  flexibility  of  control  provided  by  electronics  allows  other  control  features  to  be 
Included,  such  as  modulation  of  the  sequence  according  to  the  imminence  of  ground  Impact. 
In  ejections  near  the  ground,  decelerations  may  be  taken  to  the  physiological  limit  to 
maximise  survival  cnances.  In  elevated  altitude  ejections  where  the  danger  of  ground 
impact  is  remote,  a  milder  level  of  deceleration  can  be  permitted  to  reduce  the  loads  on 
the  seat  occupant.  A  less  s' -essful  ride  improves  the  chances  of  a  safe  recovery. 
Proximity  to  the  ground  can  estimated  crudely  on  the  basis  of  pressure  altitude,  but 
jt  is  more  accurate  and  more  uaeful  to  sense  the  ground  directly  with  a  simple  radio¬ 
altimeter. 

BIODYNAMIC  MODELLING  AND  DUMMY  DEVELOPMENT 

There  is  well-publicised  concern  about  the  increasing  mass  of  helmet-mounted  equipment 
and  its  ei  ect  on  head  and  neck  loadings.  At  the  same  time,  the  dummies  available  for 
ejection  testing  are  perceived  to  have  shortcomings  In  respect  of  inadequate  bending 
flexibility  of  the  spine  and  neck,  and  inadequate  compressive  flexibility  of  the  spine. 
Compression  the  spine  is  believed  to  be  a  significant  factor  in  the  human  response  to 
ejection,  causing  slackening  of  the  harness  which  encourages  slumping  of  the  torso. 
Similarly,  th*re  is  evidence  that  bending  of  the  thoracic  region  of  me  spine  contributes 
significantly  to  ejection  response. 

Therefore  a  method  of  constructing  the  dummy  spine  has  been  devised  which  provides  both 
bending  and  compressive  flexibility.  Fig  23  shows  the  principle,  for  which  a  patent 


application  has  teen  submitted.  The  spine  is  based  on  a  nylon  bar  which  provides  the 
appropriate  bending  flexibility.  A  series  of  nylon  cotton-reels  are  a  close  sliding  fit 
on  the  bar.  Each  pair  of  dummy  ribs  is  mounted  on  a  cotton-reel  and  the  space  between 
adjacent  cotton-reels  is  filled  with  a  rubber  washer  to  provide  compressive  flexibility. 
The  upper  end  of  the  nylon  bar  is  fixed  to  the  shoulder  unit  of  the  dummy.  At  the  lower 
end,  the  bar  is  a  sliding  fit  in  the  dummy  pelvis.  Representative  head  dynamics  are 
achieved  by  careful  attention  to  mass  properties  of  the  head  and  by  a  new  flexible  seg¬ 
mented  neck.  Ejection  tower  tests  of  this  assembly  have  demonstrated  realistic  degrees 
of  slumping  of  the  dummy,  and  free  flight  ejection  tests  at  high  speed  have  established 
the  durability  of  the  design.  The  nylon  bar  can  evidently  bend  through  a  considerable 
angle  without  suffering  any  apparent  damage. 

In  parallel  with  the  development  of  dummy  hardware,  attempts  have  been  made  to  model 
mathematically  the  human  response  to  ejection.  The  spine  and  neck  have  been  represented 
by  a  series  of  lumped  masses  Joined  by  elastic  and  viscous  elements.  Fig  24  shows  a 
sample  response  to  a  vertical  Impulse  for  one  such  model.  The  need  for  a  non-linear 
response  in  the  model  was  recognised  at  an  early  stage.  The  eventual  aim  is  to  develop 
a  representative  model  of  human  response  which  can  be  added  to  the  simulation  of 
ejection  seat  dynamics  to  improve  the  realism  of  the  predicted  motion. 

CONCLUSIONS 

It  should  be  clear  from  the  foregoing  that  escape  systems  research  at  RAE  covers  a  wide 
range  of  topics.  The  computer  simulation  of  ejection  seat  dynamics  is  a  vital  tool 
providing  assistance  in  all  areas  of  this  research,  and  complementing  the  experimental 
methods  used  in  trials. 
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IMTRODOCTIOW 

Ejection  seats  have  become  Increasingly  complex,  heavier  and  bulkier  in  recent  years* 
This  growth  has  been  in  response  to  the  increasing  demands  for  greater  performance, 
under  sore  severe  conditions.  It  is  also  due  to  the  relocation  onto  the  seat  of 
equipment  which  was  previously  aircraft  mounted  such  as  anti-g  valve,  oxygen  regulator, 
NBC  equipment  and  OBOGS  auxiliary  oxygen  equipment*  In  the  Tornado,  the  MklOA  ejection 
seat  even  gained  outlets  for  the  cabin  conditioning  system,  becoming  the  worlds  first 
air  conditioned  ejection  seat  I  This  trend  has  persisted  for  some  IS  years,  but  now  new 
design  drivers  are  becoming  dominant  with  an  increasing  and  urgent  need  for  lightweight 
and  low  cost* 

This  paper  briefly  reviews  the  Martin-Baker  developments  of  the  past  IS  years  and 
discusses  the  new  trends  which  are  shaping  future  Fighter  Escape  Systems* 

MtlO  1970*3 


Martin-Baker  design  philosophy  has  always  been  one  of  analysing  their  previous 
products,  retaining  the  best  features  and  developing  improved  features  to  meet  new 
specification  requirements.  The  5,800  successful  Martin-Baker  emergency  ejections 
prove  the  effectiveness  of  the  basic  design  concept.  Tornado,  Hawk  and  Alpha  Jet 
demanded  a  lighter,  quicker  acting  ejection  seat  but  development  of  the  Mk7  or  Nk9 
ejection  seats  would  have  meant  unacceptable  weight  increases  and  their  back  mounted 
parachutes  did  not  lend  themselves  to  still  quicker  operation.  The  traditional 
Martin-Baker  features  were  therefore  repackaged,  relocating  the  new  5.2  metre  GO 
Aeroconical  parachute  to  a  headrest  mounted  container  and  providing  ballistic  operating 
systems  in  place  of  the  earlier  mechanical  systems* 

The  MklO  ejection  seat  dramatically  improved  seat  performance  enabling  safe  ejection  to 
take  place  under  conditions  which  would  previously  have  been  impossible. 

Early  market  requirements  for  further  weight  and  cost  reductions  resulted  in  the 
development  of  the  MklOL  (lightweight)  version  which  reduced  seat  weight  by  as  much  as 
201.  Acquisition  costs  were  also  reduced  by  the  use  of  computer  aided  manufacturing 
techniques. 

Both  the  MklO  and  MklOL  ejection  seats  have  proved  most  successful  and  are  now 
installed  in  35  aircraft  types.  Their  safety  record  is  also  impressive  with  95%  of 
emergency  ejections  being  successful.  It  should  be  noted  that  the  fatalities  include 
all  causes,  including  drowning  and  out-of -envelope. 
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In  1977  a  new  market  for  ejection  seats  opened  with  the  Turbo  Prop  trainer  market*  In 
that  year,  Guido  Pessotti,  the  Technical  Director  of  Embraer  In  Brazil,  began  the 
design  study  for  his  then  new  EM8  312  turbo  prop  trainer.  He  did  not  accept 
preconceived  ideas,  but  decided  to  investigate  a  possible  need  for  ejection  seats. 

World  War  II  experience  had  revealed  the  effect  which  speed  has  on  recovery  rates. 
Even  moderate  speed  delayed  escape  too  long  for  safe  pilot  recovery.  At  only  200 
knots,  chances  of  saving  aircrew  was  reduced  to  25%.  Above  300  knots,  pilot  recovery 
was  as  low  as  2%.  With  the  new  turbo  prop  trainer  projected  to  have  a  Vne  of  330 
knots,  it  was  obvious  that  assisted  escape  could  be  justified  on  the  grounds  of  speed 
alone. 

A  further  study  was  conducted  to  determine  if  ejection  seats  could  be  fully  justified 
for  turbo  prop  trainers.  Examination  of  the  Jet  Provost  basic  trainer  performance 
envelope  confirmed  that  it  was  similar  to  that  of  the  proposed  trainer.  Performance 
characteristics  of  the  Jet  Provost  and  Tucano  are  similar,  with  an  identical  stalling 
speed  (65  knots),  but  50  knot  higher  maximum  level  speed  for  the  Jet  Provost. 

In  the  period  under  review,  there  were  107  ejections,  of  which  102  were  successful, 
giving  a  recovery  rate  of  95.3%.  In  all  unsuccessful  cases,  ejection  was  initiated 
well  outside  the  performance  envelope  of  the  ejection  seat.  Only  six  of  the  107 
ejections  had  a  reported  ejection  speed  in  excess  of  300  knots.  The  vast  majority 
(91.1%)  of  ejections,  where  speed  was  reported,  occurred  within  the  level  speed  range 
of  a  turbo  prop  trainer,  75%  were  between  75  and  150  knots.  Thirty-nine  ejections  took 
place  below  1,500  feet. 

The  study  came  to  the  following  conclusions! 

1.  The  107  ejections  which  took  place  from  the  Jet  Provost  during  the  subject  period, 
could  have  taken  place  from  a  turbo  prop  trainer.  The  accident  rate  and 
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circumstances  vara  to  ba  expected  with  any  futura  medium  performance  baatc  trainar 
operating  in  similar  conditiona. 


2.  Ovar  30  pilots  who  successfully  ejected  balow  1,003  (aat  would,  alaoat  cartalnly, 
hava  baan  loat  had  ajaction  aaata  not  baan  fitted. 

3.  Safa  aacapa  under  conditiona  of  loss  of  control  balow  4,000  faat  or  fira  In  flight, 
would  ba  marginal  without  ajaction  aaata. 

4.  An  unknown,  but  moat  significant,  number  of  aafa  landings  hava  baan  mada  in  Jet 
Provost  aircrsft  following  an  In-flight  aaargancy  which  would  hava  nacasaltatad 
aarly  abandonaant  had  ajaction  aaata  not  baan  installed,  Bacauaa  aacapa  could  ba 
safely  dalayad,  tha  pilot  had  th«  option  of  conducting  an  approach  to  a  aafa 
landing.  In  soma  angina  failure  caaaa,  tha  glide  could  not  ba  extended 
sufficiently  and  tha  pilot  ejected  succeaafully  at  an  altitude  at  which  aafa 
abandonment  would  hava  baan  laposaibla. 

Por  Tucano,  tha  MklOL  ajaction  saat  was  modified  by  removing  tha  rocket  to  aava  weight, 
thereby  giving  a  performance  of  (0  knots  on  tha  runway.  All  Tucano  custoawra  opted  for 
ajaction  seats  and  tha  Tucano  has  proved  tn  ba  an  outstanding  success  story. 

mn 

Hot  ba  to  outdone,  Pilatua  in  Swltsarland,  produced  tha  PC-9  equipped  with  ajaction 
aaata  from  tha  outaat.  This  time  a  lighter,  speclallet  saat  was  developed  by 
Hartln-Bakar,  this  being  tha  HkCHllA.  This  seat  employed  tha  traditional  NBA  daalgn 
layout,  but  was  mors  compact  and  lighter  than  tha  NkSL  seat  developed  earlier  for  tha 
Tucano. 

Mkl5 

With  tha  ajaction  saat  equipped  basic  trainar  firmly  eetabllahed,  operators  of  similar 
performance  aircrsft,  such  as  tha  PC-7 ,  began  to  press  for  ajaction  seats.  Because  the 
PC-7  cockpit  was  designed  for  ovar-tha-sida  bala-out,  there  was  no  possibility  of 
installing  tha  Hkll  saat,  there  being  insufficient  fora  and  aft  spaca  available. 
Martin-Bakar  aat  to  work  with  Pllatus  to  davalop  an  entirely  new  saat  which  would 
occupy  tha  same  position  as  tha  existing  fixed  saat  and  parachute.  After  axtanslva 
innovative  design  work,  this  goal  was  achieved  by  positioning  tha  pilot  between  twin 
ajaction  gun  tubaa  close  to  tha  cockpit  rear  bulkhead.  The  twin  ajaction  guns  also  act 
as  tha  saat  primary  structure.  In  this  way  tha  correct  sitting  position  and  aya  datum 
points  wars  retained. 
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Xn  order  to  minimise  the  effect  on  Aircraft  performance  by  the  installation  of  ejection 
seats,  it  was  assent lal  that  weight  ba  kapt  to  a  ainlaua.  This  was  achiavad  by 
employing  component*  for nultlpla  functions  so  that*  for  example,  tha  ajsction  gun  and 
gulda  rails  fora  tha  priaary  saat  structura  to  withstand  flight  and  crash  loads*  Tha 
result  has  been  tha  development  of  tha  worlds  lightest  and  smallest  production  ejection 
saat,  weighing  only  soma  78  lbs  (35  kg).  Thus  the  light  trainer  market  generated  the 
light  seat  concept  because  ainlaua  aass  was  a  aajor  design  driver* 

HIGH  TECHNO L0C7  DEVELOPMENTS 

Meanwhile,  in  parallel  with  the  search  for  ever  lighter  weight  ejection  seats  for  the 
trainer  aircraft  field,  the  high  performance  aircraft  field  continued  to  demand  greater 
performance*  This  resulted  in  the  Hkl2  series  ejection  seat  with  Mechanical  Speed 
Sensing  and  Sequencing  and  this  in  turn  led  to  the  Mkl4  with  Electronic  Sequencer 
control* 

The  Mkl4  was  developed  specifically  for  the  United  States  Navy  Aircrew  Common  Ejection 
Seat  (MACES)  programme  and  incorporates  state  of  the  art  technology*  When  reviewing 
the  specification  requirements  issued  by  the  Navy  in  1984,  the  following  design  drivers 

emerged i 

Minimum  Prograaae  Schedule  Risk 

Common  seat  for  four  aircraft  types  with  no  airframe  changes 
Electronic  sequencer  operation 
High  performance  and  serviceability 
OBOGS  compatibility 
Low  Life  cycle  Costs  via  ILS 
Installed  mase  of  not  more  than  215  lbs 

As  the  MklO  ejection  seat  in  the  P/A-18  Hornet  was  already  popular  with  pilots  and 
groundcrews,  that  basic  design  was  adopted  to  minimise  programme  schedule  risk.  The 
Hkl4  design  was  selected  for  NACES  and  is  now  being  introduced  for  the  P/A-18  Hornet, 
T-45  Goshawk,  P-14D  Tomcat  and  a  new  combat  aircraft  in  development.  Some  80  test 
ejections  from  lero-zero  to  Mach  1.2  at  50,000  feet  have  proved  that  the  seat  haa 
eignlf leantly  improved  recovery  capability  compared  to  earlier  seats*  A  new 
microprocessor  controlled  electronic  sequencer  developed  by  Teledyne  in  the  United 
States,  a  greatly  improved  stabilization  system  by  Irvin  (G8)  and  parachute  by  GO 
Parachutes  have  been  successfully  combined  in  the  most  advanced  ejection  seat  to  enter 
production*  Initial  deliveries  have  commenced  and  quantity  production  will  be  underway 
later  this  year* 
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m  RCT  OEBERATIOB 

■lth  RACES ,  tha  O.S.  Mavy  took  a  quantum  step  forward  In  aacapa  aystaa  technology, 
advancing  tha  state-of-the-art.  Meanwhile,  tha  D.S.  Air  force  hava  pursued  a  different 
approach  with  tha  Crev  Escape  Technology  (CREST)  programme,  which  is  developing  new 
enabling  technology  to  attend  future  ejection  seat  capability*  This  work  includes 
variable  thrust*  stsarabla  rockets,  upward  seating  systems  and  other  advanced 
technologies.  Martin-Baker,  being  a  non-D.S.  company,  was  not  allowed  to  bid  and 
Boeing  succeeded  in  winning  this  contrsct.  Although  they  have  encountered  eajor 
difficulties,  Boeing  are  developing  some  new  technologies  which  may  have  significant 
future  appllcationa.  Although  not  intended  for  production,  CREST  has  shown  that  these 
advanced  techologiee  can  be  costly  and  heavy  with  a  production  ejection  seat  likely  to 
coat  3-4  times  more  than  RACES  and  weighing  at  least  twice  as  much. 

WEIS  -  THE  RETT  STEP  FOgARtt 


Martin-Baker  had  hoped  to  develop  a  range  of  RACES  derivatives  each  suited  to  the 
particular  detailed  requirements  of  future  caaUcat  aircraft.  With  relatively  minor 
changea  to  the  harness.-  survival  kit,  outer  envelope,  stc,  RACES  would  very  adequately 
meat  the  performance  requirements  of  the  next  generation  of  fighter  aircraft,  but  our 
study  of  requlreiMnts  revealed  that  tha  design  drivers  had  changed  yet  again.  They  are 
now  seen  as  follows > 

*  Minimum  mass 

*  Minimum  cost/L.C.C. 

*  Improved  Pilot  efficiency 

*  High  Serviceablllty/Reliabllity 

*  Sophisticated  electronics 

*  Performance  to  MACES  standard 


The  next  generation  of  European  fighter  aircraft  are  to  be  built  to  very  strict  mass 
and  coat  limits. 

In  order  to  respond  to  these  new  design  drivers,  Martin-Baker  have  combined  tha  two 
development  paths  of  tha  ultralight  trainer  seat  and  the  high  technology,  high 
performance  combat  aircraft  seats  to  create  the  Mklt  series.  The  new  design  drivers 
have  been  addressed  as  follows i 


wo a  to  mat  kmsbm  bbm) 


74  75  7B  77  71  7tB081  8383B4B58BB78B  89  908132  93 

Li^ttvel^rt  Ejection  Bests  (Trainer) 

73  Eg  64  Eg  35  Eg 


MIRIMPM  MAES 


The  multiple  function  structural  features  of  the  78  lb  (35  kg)  NklS  ejection  seat  have 
been  strengthened  and  modified  to  suit  the  next  generation  fighter  requirements.  This 
results  in  a  MklS  ejection  saat  weighing  only  138  lb  (83.4  kg)  a  directly  coaiparable 
weight  saving  of  304  compared  to  MACES. 
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nnimm  cost 


CAD/CAM  design  and  Manufacture,  alapllicity  of  design  and  long  installed  component 
live*  reduce  ownership  coats  even  beyond  that  already  achieved  for  MACES* 

immovbp  pilot  tyyiciCTcr 


The  Nkl6  ejection  seat  is  designed  for  ease  of  strapping  in  and  esiergency  egress, 
together  with  further  improved  pilot  comfort  and  support*  Pilot  field  of  view  has  been 
signif lcantly  Increased  to  enable  the  full  advantages  of  Modern  bubble  canopies  to  be 
realised  while  enabling  the  full  use  of  helaet  Mounted  systems*  The  developnent  of 
ever  More  cophisticated  helaet  mounted  equipment  has  also  increased  the  head  supported 
Mass,  a  feature  not  conducive  to  safe  high  g  combat  or  ejection*  Although  the  helaet 
eysteas  aaes  will  be  ainiaised,  there  is  already  a  trend  to  reduce  impact  protection 
performance  of  the  helmet  in  order  to  reduce  head  supported  mass*  This  requires  that 
the  head  impact  attenuation  properties  of  ths  seat  headrest  be  Increased  to  compensate 
for  the  reduced  helaet  protection  and  this  has  been  achieved  without  increasing  the 
minimal  profile  for  the  headrest*  With  intsgral  NBC  protsetion,  anti-g,  oxygen  syateaa 
and  weapons  systems,  the  Mkl6  ejection  seat  will  become  a  major  feature  of  the 
crewstation  and  will  significantly  contribute  to  the  overall  efficiency  and 
effectiveness  of  the  pilot* 

HIGH  gCTVICEABItITT/RELIABILITT 

The  Mkl 6  will  set  a  new  standard  for  rsllablllty,  serviceability  and  ease  of 
maintenance  when  required*  Por  example,  removal  of  the  seat  will  now  take  one  man  12 
minutes  and  will  not  require  removal  of  the  aircraft  canopy* 

SOPHISTICATED  ELECTRONICS 


A  second  generation  microprocessor  controlled  electronic  sequencer  has  been  developed 
to  control  aeat  operation  more  accurately  and  provide  greater  redundancy*  The  unit  la 
capable  of  being  integrated  with  the  aircraft  databus  to  upgrade  performance  by 
responding  to  aircraft  attitude  and  pitch,  yaw  and  roll  rates  at  the  time  of  ejection* 
This  would  enable  the  seat  to  respond  to  the  precise  condition  at  the  time  of  ejection 
and  tailor  seat  operation  rate  to  the  criticality  of  the  emergency*  Provision  is  also 
made  for  health  monitoring  and  Built-in-Test.  This  advanced  sequencer  also 
incorporates  a  Non-Volatile  Memory  which  stores  the  ejection  conditions  and  acts  as  an 
additional  accident  data  recorded.  All  of  this  has  been  incorporated  in  a  jmaller 
envelope  than  the  first  generation  NACSS  system,  saving  on  aeat  slxe  and  mass. 


HfSTP*  nroRHAacs 

■ACM  represents  an  advanced  and  effective  aoda  o f  seat  operation.  Iaaedlately  attar 
ejection,  tha  aaat  la  stabilized  on  a  three  bridle  ribbon  drogue  ablch  bolds  tha  aaat 
upright  and  facing  Into  wind  during  rocket  bum.  At  high  apaad  or  altituda  tha  drogua 
la  ratalnad  until  tha  cloaad  loop  aanalng  syataa  algnala  lta  ralaaaa  iaaedlately  attar 
tha  rockat  deployment  of  tha  aaln  parachuta.  Tha  Parachuta  Deployment  Rockat  fully 
atraaaa  tha  bagged  canopy  in  undar  1  second,  and  tha  bag  la  removed  paraitting 
progressive  haa-firat  inflation  producing  aafa  canopy  opening  without  high  anatch 
load a.  Tha  SO  (.2  Aaroconical  parachuta  developed  for  RACES  haa  baan  lncreaaad  In 
dlaaatra  to  8.5  eetres,  while  at  tha  a aaa  tiaa  reducing  lta  packed  bulk  by  301. 
Parachuta  perfornance  ia  slightly  Improved  over  the  fully  O.B.  qualified  GQ  8,2  aatra 
Aaroconical,  while  tha  aaallar  packed  woluaa  In  tha  headrest  container  assists  In  tha 
improvement  of  pilot  field  of  view. 

■ACCS  operation  has  baan  extensively  and  reliably  demonstrated  by  over  80  taaca  at  WWC 
China  Lake  and  our  own  facilities.  Tha  adaptation  of  tha  RACES  operating  aathods 
provides  outstanding  ,-srfonunca  backed  by  extensive  trials  axparlanca. 

By  taking  tha  bast  BAC88  technology  and  laproving  it  to  aaat  tha  even  higher  standards 
specified  for  tha  European  aarkat,  a  new  generation  ejection  aaat  haa  baan  davalopad. 
It  aaata  realistic  specif leationa  and  safaty  goals  and  la  aavaral  orders  of  aagnitutda 
lighter  and  leas  axpanaiva  than  othar  future  aacapa  ayataaa  currently  in  davalopaant. 

BBAT  PRICE  SAEBTT7 

In  developing  tha  Hkl6  ejection  aaat.  we  appreciated  that  sows  custoaara  would  want  tha 
lightness,  coafort,  field  of  view,  aethod  of  oparaticn  and  low  apaad,  low  altituda 
perfornance  of  tha  Rkl6,  but  would  be  unabla  to  justify  tha  additional  costs  of  a 
sophisticated  electronic  aaquancar  ayataa.  We  therefore  decided  to  develop  a 
aachanlcal  Hods  Selector  version  In  parallel  with  tha  electronic  aaat. 

It  haa  baan  possible  to  aachanleally  ’duplicate*  tha  electronic  ayataa,  giving 
Identical  parforaanca  up  to  3S0  knots  and  7,000  fast.  Above  these  speeds  and 
altitudes,  parforaanca  la  vary  slightly  lower  although  aachanlcal  'g'  aanalng  provides 
a  degree  of  tha  cloaad  loop  raeponalvenaaa  present  In  tha  electlonlc  version. 

Infect,  so  successful  haa  this  aachanlcal  version  baan  that  It  aay  wall  be  perferred 
for  soaa  of  tha  advancad  technology  projects,  for  which  tha  electronic  version  was 
created.  It  aaaaa  that  tha  International  financial  cliaate  ia  such  that  ultiaata 
state-of-the-art  sophistication  la  no  longer  tha  continuing  aia  and  cost  aay  avan 
supercede  lightness  as  tha  driver  for  aoaa  applications.  Certainly  tha  Hkl6  aachanlcal 
Hods  Selector  equipped  HklE  ejection  aaat  coast  very  close  to  tha  capabilities  of  ths 
slsctronlc  vsrslon,  although  it  cannot  ba  intagratad  with  tha  data-bus  or  provlda  soaa 
of  tbs  futura  davalopaanta  forsaasn  for  tha  slsctronlc  version. 

It  aay  ba  tha  case,  however,  that  escape  ayataa  technology  haa  already  aat  lta  cost 
calling  and  that  futura  procuraaant  aganclaa,  outside  tha  U.S.  at  least,  will  decldw 
that  NACES/Hkl 6  parforaanca  La  good  enough  and  that  now  attention  will  now  ba 
concentrated  on  acquisition  and  ainlalslng  Ilfs  cycle  costa  and  installed  aaaa.  Wa  do 
not  with  to  speculate  upon  whether  such  a  trend  is  banaficlal  to  tha  davalopaant  of 
futura  aacapa  ayataaa,  Wa  have  however  recognised  tha  indisputable  fact  that  low  coat 
la  becoming  an  Increasingly  powerful  driver  and  wa  are  developing  alternative 
lightweight  high  parforaanca  NklS  ejection  aaata  to  aaat  either  aarkat. 

Historically  951  is  the  beat  aircrew  recovery  rata  which  haa  baan  achieved.  If  this 
can  ba  aaintainad  for  future  generations,  than  safety  will  have  bean  wall  served. 
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POTENTIAL  ROLE  OF  AVIONICS  IN  ESCAPE  SYSTEMS 


James  J.  Scboen 

Douglas  Aircraft  Company 

3*55  Lakewood  Boulevard 

Long  Beach,  California  MS44,  USA 

SUMMARY 

A 

The  role  of  avionics  in  escape  systems  for  high-performance  aircraft  is  rapidly  expanding.  In  the  most  advanced  systems 
currently  in  service,  an  electronic  controller,  in  conjunction  with  mechanical  sensors,  selects  the  recovery  sequence  and  controls 
event  tuning.  More  advanced  avionics  systems  under  development  feature  improved  microprocessors  and  solid-state  sensors. 
These  slightly  improve  performance  by  modifying  system  timing  based  on  airspeed  and  altitude  conditions.  They  also  introduce 
desirable  "black-box"  features  such  as  built-in- test  and  bull  isolation. 

Avionics  has  the  potential  to  contribute  far  more  to  escape  systems  based  on  the  current  development  of  controllable 
propulsion  systems.  Typically  these  systems  would  consist  of  multiple  rocket  engines  under  the  command  of  a  microprocessor/ 
controller.  The  controllable  propulsion  system  would  control  attitude  and  would  also  control  the  acceleration  forces  on  the 
crewmember.  The  avionics  system  would  therefore  indude  attitude  and  acceleration  sensors.  In  “smarter”  systems,  the  propul¬ 
sion  system  could  be  used  to  control  the  escape  trajectory  for  ground  avoidance  or  to  reduce  forces  on  the  crew  member  in 
an  escape  under  benign  conditions.  Thus,  the  avionics  system  may  indude  ground  direction  and  proximity  sensors.  Real-time 
control  of  an  escape  system  vehide  under  the  dynamic  conditions  associated  with  high  airspeed  or  rapid  maneuvering  requires 
a  comprehensive  avionics  system  with  high-frequency  response.  However,  the  technology  is  available,  and  this  type  of  system 
could  be  a  basic  feature  of  any  next-generation  escape  system. 

INTRODUCTION 

The  avionics  subsystem  is  the  heart  of  the  escape  system  since  it  controls  the  system  Functions.  However,  avionics  is  Dot 
the  only  critical  subsystem.  There  must  also  be  a  data  acquisition  system  to  provide  environmental  information  necessary  for 
the  avionics  to  determine  the  optimal  flight  plan,  and  a  controllable  propulsion  system  to  cany  out  that  flight  plan.  None  of 
these  subsystems  can  do  much  on  its  own,  but  when  combined  to  form  a  complete  escape  system,  they  can  provide  a  level  of 
performance  that  has  not  previously  been  attainable.  This  performance  gain  is  achieved  mainly  by  the  adaptive  control  pro¬ 
vided  in  a  real-time  flight  program.  This  capability  will  allow  the  development  of  escape  systems  that  can  be  optimized  for 
their  entire  escape  envelope,  not  just  portions  of  it.  Figure  1  shows  the  basic  control  elements  for  an  advanced  escape  system. 

Modem  digital  systems  under  software  control  can  provide  an  adaptive  escape  and  recovery  capability,  not  just  a  fixed 
order  of  events.  Current  escape  systems  execute  a  fairly  simple,  preplanned  escape  sequence  based  oo  limited  environmental 
inputs.  With  an  expanded  array  of  input  sensors  and  a  powerful  digital  computer,  future  escape  systems  will  be  able  to  execute 
a  real-time  flight  program.  The  dynamic  conditions  of  the  ejection  can  be  continuously  sensed  and  the  flight  plan  adjusted 
accordingly.  Thus,  the  variations  in  crew  member  weight,  and  the  eg  and  aerodynamic  forces  can  be  compensated  in  real  time. 
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Ftpura  1.  Control  Enments 


OdMr  benefits  of  a  digital  system  ate  tn  eapanded  built-in-tea  (BIT)  tad  data  recorder  cspabdity.  He  BTT  will  provide  a 
improved  test  capability  during  both  the  actual  escape  sequence  tad  me  norm]  mtmtensnee  cjdei.  The  data  recorder  an 
be  dragged  a*  u  integral  part  of  the  overall  avionics  tfltem  and  provide  valuable  information  far  acddeat  invratigationa. 

LOT  THREAT  ASSESSMENT 

Carreer  escape  systems  consider  evety  ejection  to  have  the  tame  degree  of  ride.  Thia  ie  baaed  oa  the  asmiptioa  that  if 
the  crew  member  hae  elected  to  eject,  it  mint  be  a  real  emergency  and  therefore  the  escape  system  mt  get  him  into  a  parachute 
ae  looe  aa  poaoble.  However,  is  the  real  world,  thia  it  not  always  the  case.  The  risk  level  is  related  to  how  imminent  {round 
(or  amnft)  impact  it.  tad  hoar  fast  the  aircraft  is  traveling.  If  the  aircraft  ii  in  a  seep  dive  at  low  ahfaede  and  higb  apeed,  the 
crew  member  it  at  high  risk.  If  the  aircraft  is  at  hi  fb  altitude  aad  very  high  speed,  the  ore*  member*  afao  athi|h  tfak.  However, 
if  the  aircraft  la  at  a  moderate  altitude,  a  moderate  yeed.  indin  level  flight,  the  crew  roetnbw  is  ies  benign  or  low  riat  etna- 
tioo.  If  the  tfak  level  ii  low,  the  tvionka  ihoold  attempt  to  provide  an  “easy  ride’  for  the  crew  member.  Thia  meant  that  the 
crew  member  should  be  subjected  to  low  acceleration  forces  and  little  or  ao  trajectory  shaping.  H,  however,  the  rfak  level  fa 
high.  the  avionics  muet  command  the  maximum  allowable  thruat  levels  within  human  toleraace  ia  order  to  recorer  the  crew 
member.  Tbit  high-risk  scenario  will  indude  maneuvera  to  avoid  the  pound,  the  aircraft,  or  other  metabera  of  the  crew.  Thia 
type  of  reat-time  Ufa  threat  aaaetameot  can  be  provided  only  by  aa  advanced  avionka  system. 

The  actaal  aceeteradon  Hafts  for  the  variooa  risk  levela  are  baaed  on  the  dynamic  reapooee  (DR)  model  defined  ia  Refer¬ 
ence  l.Tbfafaathree-axia  dynamic  mode!  of  the  human  body  that  rela  tea  impoeed  acceleration  farcer  to  a  probability  of  injtny, 
aaa'pir  l  aa  low,  medusa,  or  high  riak.  Since  the  DR  model  ia  dynamic,  it  ii  dependent  on  the  acceleration  versut  time  history 
of  the  eecxpe  tyatem  rather  than  the  atatic  scceieration  levela  alone.  The  aviocka  muet  therefore  balance  the  propulsive  and 
aMndynamir  forces  in  order  to  maintain  the  DR  at  or  below  the  specified  riak  level,  wide  at  the  tame  time  maneuvering  the 
craw  member. 

CONTROLLABLE  PROPULSION 

Bor  the  avfardct  system  to  achieve  its  fad  potential,  it  must  be  coupled  with  a  cootroQabie  prnpalu'on  ay  stem.  The  bade 
requirements  of  a  cootroQabie  propulsion  system  arm  (1)  variable  thrust  levels,  (2)  variable  throat  vector.  (3)  variable  burs 
tune,  end  (4)  high-frequency  response.  Such  a  propulsion  system  win  allow  the  svioract  to  ectsaSy  Uy"  the  escape  system. 
Vfrriooe  systems  ate  currently  under  development  to  provide  this  capability.  Multiple  sobdrocket  motors  tod  gel  propellant* 
are  being  investigated  to  provide  a  variable  thrust  level,  wide  configurations  utilizing  fined  and  movable  noaades  are  being 
developed  to  provide  variable  thrust  vectur  control.  Some  systems  utilize  a  movable  main  rocket  nozzle  supplemented  by  a 
series  of  reaction  jets.  The  reaction  jets  provide  a  faster  system  response  than  is  possible  with  a  movable  nozzle  alone.  Aprimaiy 
factor  in  the  design  for  a  cootroQabie  propulsion  system  is  a  high- frequency  response.  If  the  thrust  vector  cannot  be  moved 
quickly,  the  avionics  will  not  be  able  to  control  the  flight  path  of  the  escape  system. 

DATA  AOQClSmON 

Aa  avionics  system,  no  matter  how  “smart,*  must  hive  a  data  acquisition  system  that  can  provide  it  with  the  information 
nrre  wary  for  flight  control.  Pressure  transducers  can  monitor  the  pitot  and  static  pressures  in  order  to  determine  the  zititude 
and  indeed.  Accelerometers  and  gyros  can  be  used  to  provide  an  inertial  measurement  unit  (1MU).  If  a  ground  avoidance 
capability  is  darned,  a  aticrowave  radiometer  (MICRAD)  or  radar  altimeter  could  be  added  In  the  data  acquisition  system. 
Another  source  of  flight  information  is  the  aircraft  itself.  At  the  time  of  ejection,  the  aircraft  (fata  bus  could  be  interrogated 
to  determine  the  Initial  ejection  conditions.  There  it,  however,  a  problem  with  using  the  aircraft  data.  The  primary  reason  a 
craw  member  may  decide  to  eject  ia  the  fact  or  perception  that  something  is  wrong  with  his  aircraft.  Therefore.  the  data  coming 
from  the  aircraft  may  be  invalid  or  zospecz. 

Becauae  the  integrity  of  the  aircraft  data  will  generally  be  in  question,  it  is  considered  better  to  rely  mainly  on  the  data 
gathered  by  the  seat-mounted  sensors  and  use  the  aircraft  only  i s  a  secondary  source,  future  aircraft  may  have  the  ability  to 
determine  their  altitude  above  ground  level  (AGL),  not  just  altitude  above  sea  level.  The  AGL  data  could  help  the  avionics 
to  determine  how  imminent  ground  impact  is.  and  allow  it  to  begin  a  specific  escape  sequence  based  on  data  obtained  before 
the  crew  member  has  actually  ejected  However,  the  avionics  must  continue  to  do  its  own  sensing  in  order  to  determine  the 
validity  of  the  AGL  data  from  the  aircraft.  If  the  aircraft  data  cannot  be  confirmed  by  the  escape  system  sensors,  the  avtonka 
must  rely  on  the  data  gathered  from  its  own  sensors. 

Accuracy  is  i  coocern  for  til  sensor  data,  not  just  the  aircraft  data.  An  avionics  system  without  valid  input  data  is,  in  effect, 
Mind  For  this  reason,  all  sensor  dar  must  be  checked  and  validated  before  use.  With  the  software  control  available  in  digital 
avionics,  thfa  task  can  be  ['erformed  with  a  high  degree  of  adaptive  logic.  Current  systems  validate  data  by  deai  going  redundancy 
and  teHaMity  into  the  hardware  of  the  sensors.  Advanced  systems  must  continue  to  provide  redundant  snd  reliable  sensors, 
hot  the  software  can  afao  allow  the  avionics  to  look  at  all  the  sensor  inputs  in  relation  to  each  other.  Ef  the  air  data  srtwors 
are  indicating  *  If*  qteed  and  the  accelerometers  are  indicating  a  high  deceleration  rate,  the  software  can  initiate  a  self-teat 
or  perform  additional  logic  checks  In  order  to  determine  the  moat  likely  yeed  cooaitions.  la  th*  nw  that  all  tha  aaoacr  data 
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carmen  ba  correlated,  a  generalized  approach  for  the  given  conditions  (e-j.,  a  fad-safe  approach)  could  be  adectsd.  Thus,  in 
the  mot  of  a  sensor  Btbsystmn  fiutee,  the  escape  system  could  revert  back  to  *  fixed-time,  fixed-thrust  recovery  sequence 
that  »  ■  •  v  1  perioral  modi  dm  tame  aa  carnal  escape  systems. 

For  the  air  data  subsystem,  conflicting  input  it  die  rule  rather  than  die  exception.  In  a  typical  escape  system,  a  pair  of  total 
pressure  pom  is  located  in  the  headrest  area.  These  ports  are  used  to  sense  the  tots!  dynamic  pressure  acting  oo  the  seat.  If 
the  escape  system  ewe  an  aerodynamic  body,  both  sensors  would  provide  the  same  readings.  However,  esperience  has  shown 
that  the  mo  pressure  readings  generally  do  not  agree  with  each  other.  Typical  causes  of  the  pressure  differences  are  turbulent 
airflow  around  the  seat  due  to  its  Hunt  body,  Hankering  of  a  pitot  from  sideslip,  and  compressibility  effects  of  local  shock 
waves.  Moreover,  when  the  aircraft  hatch  or  canopy  is  jettisoned,  turbulence  around  the  aircraft  can  cause  the  two  pressure 
reading)  to  differ.  The  solution  to  this  particular  problem  is,  however,  fairly  straightforward.  It  should  be  assumed  that  the 
highest  total  pressure  reading  is  the  correct  one.  The  reason  for  this  is  that  it  is  fairly  easy  to  redace  the  total  pressure  at  the 
tensor,  IMS  it  is  difficult  to  increase  it  to  a  value  above  the  free-streara  maximum. 

FLIGHT  CONTROL 

Current  escape  systems  provide  a  fairly  simple  flight  control  that  is  intended  more  for  stabilization  than  for  actual  guidance 
and  control  Generally,  a  fixed  main  propulsion  system  is  used  in  conjunction  with  a  drogue  parachute,  or  small  aerodynamic 
6ns,  or  both,  to  provide  the  subdmng  effect.  Tbe  fins  offer  a  partial  solution,  but  ire  limited  by  size  constraints  impoaed  by 
the  seat  and  cockpit  geometry.  A  drogue  parachute  is  a  very  effective  means  of  stabilisation;  however  it  develops  in  stabilizing 
moments  by  generating  aerodynamic  drag.  At  speeds  above  600  keas,  this  dreg  force  when  added  to  the  escape  system  drag 
fores  can  cause  deceieretian  loads  that  exceed  the  allowable  human  tolerance  limits  (DR).  Some  systems  also  provide  active 
pitch  control  by  means  of  a  gyro-controlled  vernier  rocket.  !n  any  case,  tbe  total  fora  acting  on  tbe  system  ia  relatively  constant, 
and  the  only  real  variation  is  due  to  aerodynamic  forces.  With  the  flexibility  provided  by  a  controllable  propulsion  system,  tbe 
total  fora  on  the  system  can  be  varied  to  meet  the  requirements  of  the  ejection. 

At  high  dynamic  pressures,  the  aerodynamic  loads  on  the  crew  member  can  exceed  the  human  tolerance  limits  if  hia  orien¬ 
tation  is  not  precisely  maintained.  This  h  because  open  ejection  seats  are  inherently  unstable  in  yaw  (Reference  2).  With  any 
slight  perturbation,  the  test  will  yaw,  and  at  high  speech,  a  slight  yaw  angle  will  create  high  lateral  g-loads,  and  a  consequently 
high  DR.  on  tbe  crew  member.  Therefore,  tbe  first  priority  of  the  avionics  mug  be  to  stabilize  the  crew  member,  and  the  second 
to  maneuver  him.  Figure  2  illustrates  tbe  overall  Bow  of  a  flight  guidance  system.  When  the  crew  member  initiates  ejection, 
tbe  seat-mounted  sensors  will  begin  to  determine  tbe  attitude  and  acceleration  forces  acting  on  him  and  perform  a  life  threat 
amemment.  As  the  escape  system  emerges  into  the  airxtream,  the  acceleration  and  angular  rate  data  will  be  used  to  determine 
the  counteracting  moments  that  are  required  to  maintain  the  seat  in  a  stable  attitude.  After  the  seat  is  stabilized,  additional 
thrust  for  maneuvering  or  counteracting  the  aerodynamic  drag  will  be  applied  in  accordance  with  the  life  threat  assessment 
and  tbe  DR-  This  will  provide  a  positive  control  fora  from  the  very  initiation  of  the  escape  sequence,  and  will  eliminate  the 
need  to  wait  for  any  type  of  deployable  stabilization  system  to  become  effective.  After  the  crew  member  has  been  stabilized 
and  allowed  to  decelerate  to  an  acceptable  speed,  either  a  drogue  or  the  main  recovery  chute  may  then  be  deployed. 
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Figure  2.  Outdance  and  Control  Functions!  Flow  Diagram 


Aa  sated  prewoualy,  the  allocation  of  stabilizing  moments,  maneuvering .  loroentt,  and  addfrional  throat  required  by  the 
risk  aaaeasment  must  be  balanced  against  the  DR.  For  an  escape  trajectory  to  be  optimal,  it  amt  maintain  a  DR  valoe  at  or 
just  below  that  aaaodated  with  the  risk  level.  This  meats  that  the  avionics  must  continually  perform  real-time  DR  calculations 
and  predksoaa  baaed  on  the  seat  accelerations  and  the  requested  engine  thrust.  Because  most  propulsion  systems  do  nor  have 
an  infinite  amount  at  thrust,  the  thrust  management  system  must  be  capable  of  allocating  the  available  thrust  in  order  to  per¬ 
form  the  desired  maneuver.  This  thrust  management  logic  is  illustrated  in  Figure  3.  The  highest  priority  is  given  to  stabilization 
in  the  yaw  ask,  as  this  aaia  is  the  least  stable  and  has  the  lowest  acceleration  tolerance  limits.  After  the  yaw  stabilization  requirc- 
iwiw  have  been  satisfied,  the  rod  and  pitch  stabilization  requirement!!  will  be  satisfied.  The  last  priority  is  to  include  any  addi¬ 
tional  thrnt  required  by  the  tile  threat  assessment  to  perforin  the  maneuver  or  counter  aerodynamic  ioadL  Tbit  logic  will  allow 
the  escape  system  to  espoee  the  crew  member  ro  the  minimum  required  loads  in  order  to  provide  a  safe  recovery. 


Current  escape  systems  do  not  feature  a  means  of  active  ground  avoidance  other  than  minimizing  die  time  to  deploy  the 
recovery  parachute;  that  is.  the  distance  traveled  by  tbe  crew  member  is  minimized  by  deploying  the  recovery  parachute  as 
soon  as  possible.  Advanced  systems  will  be  able  to  sense  altitude  ACL,  either  from  aircraft  data  or  seat-mounted  sensors,  and 
determine  the  tune  of  the  impending  ground  impact.  In  a  liigh-risk  condition,  the  escape  system  will  orient  itself  so  that  the 
maximum  deceleration  forces  can  be  applied  to  the  crew  member  in  order  to  stop  his  downward  velocity.  Thu  logic  can  also 
be  extended  to  enable  tbe  crew  members  to  avoid  the  aircraft  and  each  other  during  egress  The  geometry  of  the  aircraft  could 
be  stored  in  the  avionics  and  the  escape  system  Sight  path  compared  to  it.  Thus,  tbe  escape  system  will  be  able  to  avoid  the 
tail  in  a  high-speed  ejection,  or  tbe  wing  tip  in  a  high-roll-rate  condition.  This  type  of  dedtioo-making  logic  will  require  the 
use  of  digital  avionics  in  advanced  escape  systems. 

CONCLUSIONS 

Technological  advances  in  the  fields  of  digital  electronics,  solid-state  sensors,  and  propulsion  systems  have  opened  the 
door  for  new  escape  system  designs.  New  sensors  will  provide  information  that  was  previously  unavailable,  digital  avionics  will 
process  that  information  in  real  time,  and  a  controllable  propulsion  system  will  provide  the  muscle  to  safely  recover  the  crew 
member.  Any  advanced  escape  system  will  require  the  integration  of  all  three  of  these  subsystems  in  order  to  achieve  the  full 
potential  of  each.  However,  it  is  the  adaptive  logic  capability  of  the  avionics  that  will  allcw  the  escape  system  designer  to  take 
this  integrated  system  and  make  it  deliver  ail  order-of-magnitude  increase  in  performance.  By  moving  much  of  the  decision- 
making  and  control  functions  from  the  hardware  to  the  avionics  software,  escape  system  performance  that  was  previously  only 
a  concept  can  now  become  a  reality. 
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Ejection  coat  system*  havo  boon  in  use  slnco  World  War  II  In  moat  Jot  aircraft  in  Air  Forcoo  all  ovor 
tho  world  and  nowadays  havo  reached  a  high  tochnical  performance  standard. 

Thora  is  no  doubt  that  any  escape  aystam  can  only  bo  as  offlelont  as  its  operator  and  user  (bolng  ono 
and  tho  samo  porsont)  and  how  ho  knows  and  corroctly  applies  it  within  tho  system  porformanco  Halts. 

For  those  reasons  academic  and  practical  training  of  pilots  and  weapon  system  offleors  in  two-eeater 
aircraft  has  become  mandatory. 

Tho  objectives  of  this  training  are  as  follows: 

-  Inform  tho  pilot  about  tho  physical  stress  on  his  body  during  ejection  from  aircraft  in  order  to 
safe  his  life  and  avoid  Injuries. 

-  Drill  safe  operating  procedures  of  tho  respective  escape  system  so  they  become  routine  and  instinctive, 
emphasising  what  can  happen  If  tho  system  is  not  used  correctly  or  in  good  time. 

-  Eliminate  the  psychological  threshold  to  actually  gat  out  of  tha  protecting  cockpit  in  case  of 
emergency  simply  by  having  already  practised  this  situation  in  a  simulator. 

For  more  than  two  decades  tha  GAF  I  AM  has  used  tha  Martin  Baker  Ejection  Seat  Trainer  thousands  of 
times  to  train  aircrew  on  it. 

The  advantage  of  this  Mertin-Beker-frainer  was  its  vary  aturdy,  simple  construction  powered  only  by 
a  simple  cartridge,  which  supplied  the  system  with  the  required  klnetio  energy.  After  activating  the 
system  the  trainee  on  his  seat  moved  rapidly  up  an  Inclined  guide  rail  after  an  ejection  gun  had  been 
fired.  The  aeoent  was  slowed  down  by  gravity  and  brakes  until  a  standstill  was  reached.  Thin  the 
seat  supported  by  a  atael  cable  was  slowly  lowered  to  the  bottom  of  the  tower. 

Increasing  fair  waar  and  tear,  especially  on  the  gun,  and  consequently  decreasing  acceleration,  seat 
deficiencies  -  this  seat  naver  conformed  to  a  genuine  ejection  aeet  -  called  for  a  new  design.  This 
new  construction  was  undertaken  by  the  German  company  Rhein-Flugzougbau  (RPB)  in  close  cooperation 
with  the  OAF  I AM.  and  la  presently  field-tested  at  our  Institute. 

The  primary  objective  with  thia  new  device  was  to  simulate  ejection  from  the  aircraft  aa  realistic 
as  possible  under  training  conditions  on  the  ground. 

Attention  should  be  peld  to  the  following  aspects: 

-  Training  should  be  performed  under  medieally  safe  conditions;  i.  a.  accelerations  encountered  should 
not  exceed  about  2/3  of  thoae  experienced  in  flight  ejections. 

-  Individual  training  ajectlons  should  be  documented . 

-  Training  should  be  economical. 

Vow  let  me  give  you  a  short  description  of  the  new  training  device  and  soma  first  axperlsncas  with  It. 
The  equipment  consists  of  the  following  mein  sodulea: 

-  a  mobile  trailer  (low  loader) 

-  rateable  tower  including  a  hydraulic  power  unit 

-  a  carrlaga  with  exchangeable  standard  ejection  seats,  and 

-  s  hydraulic  and  an  electric  control  unit. 

The  entire  system  is  mounted  on  a  mobile  trailer.  This  basic  construction  made  of  welded  profiled 
steel  provides  the  required  trailer  stiffness  against  torsion  and  bending.  Frior  to  operation  on 
unevan  ground  the  trailer  la  levalled  into  the  horizontal  by  means  of  hydraulic  stabilizing  chassis 
Jacks.  The  13  ■  tower  is  in  stowed  position  for  transport,  rests  on  a  welded  pillow  Block  and  may 
be  raised  and  lowered  by  hydraulics  for  operation.  In  its  final  up-position  the  tower  has  an  inclination 
of  78  degrees.  This  corresponds  to  the  angle  at  which  the  seat  is  ejected  from  the  aircraft  -  related 
to  the  aircraft's  longitudinal  axis.  A  pressure  oil  accumulator  with  200  bar  aarvea  as  energy  source. 

The  power  unit  consists  of  a  hydraulic  cylinder  with  a  piston.  It  is  located  at  the  lower  portion  of  the 
tower.  The  movable  piston  accelerates  the  catapult  sled  including  ejection  seat  and  pilot  -  the  movable 
mats  la  about  500  kg  -  along  an  elevatinsdiatance  of  ona  meter  within  200  milliseconds  at  approxlmataly 
9  G.  After  this  the  sled  plus  seat  and  occupant  is  slowed  down  on  the  remaining  distance  only  by 
gravity  and  comee  to  a  halt  after  approximately  10  a. Arresting-  and  return  devices  protect  the  tied 
againet  overshooting  or  separation  from  guide  rails  and  slowly  return  it  to  home  position. 
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Hydraulic  control  and  safety  implementations  protect  against  exceeding  limiting  veins#  and  damages. 

This  typo  of  propulalon  la  practically  without  fair  waar  and  tear  and  contrary  to  pyrotacimleal 
operations  nay  bo  used  again  and  again. 

Tho  catapult  alod  la  daaigned  in  auch  a  way  aa  to  accomodate  any  original  ejeetleo  aoat  lnatallod  la 
aircraft  ualng  a  quick-mounting  device. 

Thla  gadget  facilitate*  individual  training: 

Ivory  pilot  la  trained  on  "hi*”  aoat.  Thu*  the  pilot  la  faolllarlxod  with  tho  typleal  peculiarities. 

1.  o.  position  of  tho  firing  handle,  its  shape  and  the  resistance  It  offer*. 

Those  aerial  seats  are  aranged  In  the  rear  portion  of  the  trailer.  To  transport  the*  onto  tho  olod 
wo  use  e  forklift. 

Tho  soots  presently  used  are  the  33-3/STEJfCtL  (in  the  Alpha-Jet),  the  OH  7/hAITOI  BsKSX  (In  tho  Ffcaotoo) 
and  tho  MX  id/MAHTI*  BAKU  (in  the  Tornado). 

All  future  systems  say  bo  utilized.  Those  seats  have  been  only  slightly  codified,  e.  g.  they  have  no 
survival  kit.  no  0,  emergency  ayateo  or  an  eoergency  parachute  respect Ivoly  drogao.  In  contraot. 
however,  the  whole  na  me  aa-powar-r*  tract  ion  unit  functions  In  the  sens  way  as  in  the  original: 

Upon  activation  of  the  aysteo  the  upper  body  1st  retractsd  at  first.  When  ths  oast  starts  sowing  arse  and 
legs  are  fixed.  Feet  and  lower  legs  no  longer  rest  on  a  sowing  and  supporting  footrest,  but  are 
suspended  freely  as  in  tho  real  ajeotion  situation.  Thus  the  pilot  gate  s  first  hand  experience  about 
the  benefits  of  s  corrsct  fitting  posture. 

Activation  of  the  rescue  ayateo  has  also  been  node  lied  after  realistic  conditions:  la  a  single-seater 
aircraft  the  pilot  norsally  activates  the  ayateo  hiseelf .  In  a  two-seater,  however,  it  say  also  be  the 
beck-eeater  who  actlvatee  the  ayateo.  In  the  ejection  ayateo  in  the  aircra.t  la  engaged  on  "BOTH", 
as  it  is  the  ease  if  a  Jat  paaaengar  la  In  tha  brfck  saat.  than  the  pilot  normally  activates  the  ayateo, 
and  the  rear  seat  fire#  first  and  la  only  then  followed  by  the  front  eeet  anna  206  to  900  mllllseoooda 
later. 

On  a  slngle-seet  trainer  thla  la  simulated  In  auch  e  way  that  the  training  NCO  ssauoos  the  pert  of  the 
pilot  by  activating  the  ayatao  externally  from  transportable  control  board  attached  to  hla  belly  like 
a  vendor’s  box. 

There  la  always  training  in  a  group:  one  sitting  on  the  ejection  seat  of  the  trainer,  the  othere 
watching  the  sequence  of  the  procedures,  which  would  take  place  almost  without  any  noise  without  the 
pyrotec^Jilcsl  firing. 

To  a  Isolate  the  reellalto  ejection  the  detonation  bang  la  generated  by  electronics: 

The  synthesizer  produces  e  realistic  bang  which  la  heard  by  everyone  present  vie  loudspeaker  system. 

The  ejection  sequence  le  demonstrated  with  a  double-bang.  In  this  way  the  trainee  experiences  the 
front-rear  ejection  sequence  aoouatlcally:  the  east  starts  sowing  only  after  the  second  bang. 

Our  training  device  ie  equipped  with  e  little  teleoetrlo  ayateo:  e  0-oeter  le  incorporated  In  the  sled 
In  such  a  way  that  the  actual  (3- load  le  recorded  vie  a  snail  trenenltter.  Through  e  receiver  unit  the 
signal  is  plotted  on  an  acceleration  tise-dligrae.  The  record  la  provided  with  the  ID-Hunber,  the  type 
of  ejection  east  used,  end  with  the  current  day  end  ties,  and  hence  is  an  Individual  training  document. 
The  maximal  accalaratlon  and  corresponding  time  le  marked  with  eroas  hairs. 

After  approxlaoeely  four  aonthe  of  practical  training  experience  with  thla  new  device  we  found  a  auch 
higher  and  better  acceptance  among  pilots  compered  with  the  old  system.  The  strange  or  funny  Look 
of  this  "blue  ■cnetar"  at  flrat  does  not  stloulete  enthusiasm.  But  aftar  the  flrtt  shot  the  oldies 
especially  verify  that  this  type  of  training  le  extraordinary  useful  end  eves  indispensable  for  than* 
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SOMMABT 

Ejection  t roa  aircraft  at  high  apeeda  poaea  severe  injury  haiarda  to  the 
crevaeaber.  Aa  perforaaaca  characteriatica  of  aircraft  are  further  improved,  the 
protection  capabilitiea  of  ejection  ayateaa  auat  aiao  be  iaproved  to  aaaure  the 
aafety  of  the  crevaeaber.  the  deaonatration  of  theae  ejection  ayatea  improvements 
requires  eatenalve  teatlng  vith  manikins  to  effectively  evaluate  the  performance 
of  the  ejection  aeat  and  aaaeaa  the  injury  potential  to  the  crevaeaber.  The 
United  States  Air  force  (08AP)  baa  aabarkad  on  a  nev  affort  to  deaign  and  develop 
an  Advanced  Dynamic  Anthropoaorpnic  Manikin  (ADAM)  vith  iaproved  hunan-like 
fidelity  and  data  collection  capability  over  currently  available  eacape  ayatea 
tasting  aanikins.  This  affort  has  resulted  in  the  development  and  fabrication  of 
tvo  prototype  (one  aaall  and  one  large)  instruaented,  anthropomorphic  aanikins  for 
testing  and  evaluation  and  tha  production  of  tan  aanikins  to  be  used  in  ejection 
and  otner  protection  ayatea  testing.  Discussed  vill  be  the  design  objectives  and 
resulting  features  of  ADAM  and  a  suaaary  of  teating  results  for  exposure  to 
extreme  temperature  and  huaidity  environments ;  Sx  lov  level  vibration;  and  Gx,  Gy 
ano  Gx  vhoia  bo ay  impacts. 


XBTBODOCTXOM 


The  use  ot  aechanical  human  surrogates  or  aanikins  is  becoming  a  aore  common 
ano  relevant  approach  for  asseaalng  the  proper  operation  and  safety  of  ejection 
and  crash  protection  systeas  and  procedures.  Early  aanikins  were  developed  to 
provide  Inertial  loaning  similar  to  that  of  the  huaan  bony  and  were  primarily  used 
to  test  tbs  proper  operation  of  harnesses,  seat  structures  and  ejection  seats.  In 
tnese  tests  the  concern  was  with  the  response  of  the  equipment  aa  affactad  by  the 
inertial  effects  of  the  huaan  body.  Typical  aanikina  used  for  such  applications 
were  developed  by  8lerra  and  Alderson  in  the  1981s  primarily  to  provide  human-like 
ballast  for  ejection  seats.  While  their  overall  aass  distribution  properties  were 
quite  good,  their  joint  aobility  and  body  flexibility  were  very  United.  This 
resulted  in  highly  rigid  responses  to  extarnal  forces  and  internal  dynaaic 
aeasureaents  that  did  not  compare  well  to  human  responses  for  similar  exposures. 


A  nev  generation  of  aanikins  was  developed  in  the  1961s  and  197ts,  primarily 
driven  by  increased  emphasis  on  road  motor  vehicle  safety.  The  most  common  of 
these  is  the  Hybrid  IX  manikin  originally  developed  by  General  Motors  and  adopted 
by  the  national  Highway  Traffic  Safety  Administration  as  the  standard  automotive 
safety  compliance  testing  manikin.  This  manikin,  most  commonly  known  as  the  Part 
372 ,  baa  considerably  improved  human-like  fidelity.  It  was  designed  to  provide 
Internal  response  measures  that  could  be  correlated  to  equivalent  huaan  responses 
and  possibly,  the  likelihood  of  injury.  Several  other  manikins  were  developed  in 
the  United  states.  Great  Britain  and  Sweden  in  this  same  time  period  that 
atteapted  to  iaprove  response  characteristics,  but  none  achieved  the  degree  of 
standard  acceptance  as  had  the  Fart  572  manikin.  In  the  late  1970s  General  Motors 
developed  the  Bybrld  III,  which  had  improved  biofidelity  and  instrumentation 
capability  over  the  Hybrid  XI. 


This  evolutionary  process  did  iaprove  the  state-of-the-art  in  aanikin  design 
sophistication,  biofidelity  and  rasponse  measurement  capability.  Host  of  it, 
however,  warn  directed  at  road  vehicle  safety  design  considerations  with 
considerable  emphasis  on  chest  and  head  impact  responses,  horixontal  impact  events 
and  teatlng  under  highly  controlled  conditions.  Attempts  to  use  these  types  of 
manikins  in  aerospace  environments  led  to  the  identification  of  a  number  of 
shortcoalnga.  These  included  (1)  the  lack  of  proper  dynamic  longitudinal  spinal 
axis  rasponse  (the  predominant  loading  direction  for  aircraft  related  force 
exposures),  (2)  the  use  of  an  umbilical  cord  for  data  retrieval  requiring  a 
separate  data  acquisition  system  which  in  turn  limits  the  freedom  of  manikin 
motion  and  (3)  durability  sufficient  only  to  withstand  relatively  low  forces 
compared  to  those  encountered  in  aircraft  crashes  or  escape  froa  aircraft. 


To  aadrees  these  shortcomings,  the  BSAP  has  pursued  the  development  cf  an 
Advanced  Dynamic  Anthropomorphic  Manikin  (ADAM)  to  be  used  in  the  testing  of 
escape  systeas  and  various  crew  protection  systems  and  procedures.  Its  first 
testing  application  will  be  in  the  USAP  Craw  Escape  Technology  ( CHEST )  advanced 
ejection  seat,  where  it  will  be  used  to  validate  the  operation  cf  th*  vectored 
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Figure  4  ADAM  Knee  Joint  Sooving 
Flexure  end  Tor* loo  Articulation*. 
Friction  Fade  and  Wire  Connect lone 
to  Foeitlon  Measuring  Potentiometer* 


Figure  5  ADAM  Sbo-  Jder  Joint  Shoving 
Multiple  Fevolute  Articulation* 
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tnruat  rockat  ajaction  aaat  under  realistic  human-lika  payload  conditions.  The 
manikin  development  effort  was  Initiated  in  September  1985  and  has  raaultad  in  tha 
taotleation  ot  a  aaall  and  a  larga  prototype  aanlkin.  Deaign  aaphaala  haa  baan  on 
tha  aanlkin  providing  a  human-lika  raactiva  lend  into  tha  ajaction  aaat  and 
poaaaaaing  raaliatic  oynaaica  ana  klneaatlca  due  to  windblaat,  iapactr  vibration 
and  accalaration  forces  rapraaantativa  of  thoaa  ancountarad  during  ajaction  froa 
aircraft. 


ANTHROPOMETRY 

The  aaall  and  larga  ASUa  ara  baaed  on  a  U8Af  aale  aviator  anthropoaatric 
aurvey  conauctaa  in  19(7  with  the  apecific  diaanaiona  and  inartial  propartiaa 
taken  froa  tri-aervica  (US  Aray,  Navy  and  Air  force)  racoaaandationa.  They  ara 
baaed  on  naltlple  atatura  ana  weight  regreeaiona  on  tha  19(7  OSAf  aala  flying 
peraonnal  aurvey  data  corresponding  to  approxiaately  3rd  and  97th  percentile 
inalvidaala  with  a  projected  tine  growth  factor  for  tha  year  199*  (Saf.  1).  Tha 
aanlkin  bo  cry  naa  17  articulating  aagaanta  conaiating  of  the  head,  neck,  upper 
arms,  lover  arms,  hands,  thorax,  abcoaen,  palvia,  upper  laga,  lower  lega  and  feet, 
figura  1  ahowa  a  aaall  ADAM  with  akin  coveringa  in  place.  Tha  deaign  requirements 
included  (1)  articulating  jointa  lor  the  ahoulaera,  elbowa,  wriata,  hipa,  knaaa 
and  anklaa  aa  well  aa  artlculationa  for  the  apine,  including  tha  neck,  (2) 
appropriate  joint  rangaa  ot  notion  and  joint  reaiatanca  propartiaa,  (3)  weight  of 
eacn  body  aegaent  along  with  tha  total  body  weight  for  both  aanlkin  aixaa  to  be 
witnln  the  trl-aervice  apacif icationa,  (4)  aagaant  aurlaca  contoura  to  conform  aa 
auen  aa  poaaible  with  corraaponaing  human  ahapa  for  each  alxa  aanikin,  (5)  aegaent 
momenta  of  inertia,  cantata  of  gravity  locationa,  and  joint  cantara  of  rotation  to 
be  within  tha  trl-servica  apacif Icationa  (Rat.  2).  figure  2  ahowa  the  ADAH  joint 
rangaa  of  motion,  figura  3  illuatrataa  tha  uae  of  the  Space  Electronica  Maaa 
Propertlaa  Maaaurament  Syataa  uaad  to  deternine  the  canter  of  gravity  ana  nonenta 
ot  inertia  ot  all  tna  ADAH  aegmentn. 

JOIST  STRUCTURE 

The  deaign  for  ADAM  atreaaaa  faithful  human  joint  articulation  and  torao  axial 
deformation  to  properly  reflect  tna  aaaa  ahifta  and  limb  notion,  aa  wall  aa 
dynamic  aplnal  coaptaaaion,  that  an  actual  crewaamber  would  axpariacca  during  a 
wbola  boay  abrupt  acceleration  and  wlndblaat  expoaure.  ADAM  baa  articulating 
jointa  for  tne  ahoulaera,  elbowa,  wriata,  hipa,  knaaa  and  anklaa  aa  wall  aa 
artlculationa  for  tne  lower  apine.  All  tha  jointa  with  tha  exception  of  tha  neck 
and  apina,  ara  aingle  or  compound  revoluta  jointa  with  praclaaly  daflnad  axea 
orlantationa,  joint  atopa  with  aoft  snubbers,  adjustable  friction  pads  for  joint 
reaiatanca  and  position  sensing  potantloaeters.  Tbasa  faaturas  can  be  seen  for 
tne  knee  ana  shoulder  joints  in  figures  4  and  5,  respectively,  A  standard  Hybrid 
II  aanlkin  nead  and  a  Hybrid  III  neck  wars  used.  Tha  axial  apina  alaaent  la  a 
coabinea  spring  ana  hydraulic  damping  alaaent  which  is  tuned  to  provide 
longitudinal  impact  response  witn  a  natural  rssonanca  in  tha  .1  to  12  Hx  range. 
Re-tuning  aay  be  accomplished  by  spring  replacement  and  usa  of  a  different 
viacosity  hyoraulic  fluid.  Balov  tha  axially  deforming  aplnal  alamant  is  a 
universal  joint  that  allova  for  yaw  notion  as  well  as  flexural  and  lateral 
banding.  This  compound  articulation  is  approxiaately  in  tha  lumbar  anatoaical 
region  and  provides  the  only  bending  articulation  in  the  torso.  ?ba  total  spina 
atructura  la  shown  in  figura  (. 


INSTRUMENTATION  DESIGN 

Tna  total  instrumentation  and  data  acquisition  syataa  for  ADAH  is  a 
substantial  aavanceaant  over  any  other  currant  aanlkin.  A  Motorolla  (8I2S  32-bit 
microprocessor  controls  tha  entire  data  acquisition  process  and  la  located  in  the 
tnorax.  The  instrumentation  syataa  provides  for  signal  conditioning,  analog  to 
digital  data  conversion  and  pra  ana  post  test  calibration  of  aach  channel.  Tba 
syataa  interfaces  with  aany  different  types  of  sensors  including  accalaroaetara, 
pressure  gauges,  valociaatars,  strain  gauges,  temperature  aansors,  position 
aanaora  and  the  like.  In  Its  standard  configuration,  tha  system  can  collect  128 
channels  of  sensor  information  at  Itff  samples  per  second  per  channel  (72  channels 
with  full  signal  conditioning  on  tha  manikin  and  5(  praconditionad  channels 
external  to  tha  aanlkin).  All  72  ADAM  channels  have  individual  anti-aliasing 
low-peas  filtara  with  computer  controllable  cutoff  f raquenciaa . up  to  2lf  Bs.  Tba 
system  configuration  can  be  modified  by  a  hand-held  diagnostic  unit  to  change  the 
number  ot  channels,  tha  sampling  rata  and  the  filter  bandwidth.  The 
instrumentation  syatem  has  512  kilobytes  of  static  random  access  memory  (RAN)  to 
store  taat  data  ana  has  an  internal  back-up  power  source  to  prevent  data  loss  if 
power  ia  inadvertantly  lost  after  a  test.  Data  can  also  be  collected  during  a 
taat  using  an  on-board  pulse  coda  modulation  (PCM)  telemetry  transmitter  and  a 
head  mounted  antenna.  This  technique  can  be  used  with  a  landline  link  or  with  a 
radio  link  to  a  receiving  station.  During  a  dynamic  test,  data  can  be  telemetered 
in  near  real  time  via  tba  on-board  telemetry  transmitter  and/or  stored  in  on-board 
memory  for  dovnloaa  following  completion  of  the  test.  Shown  in  figure  7  is  a 
small  ADAM  with  the  upper  torso,  right  arm  and  right  leg  skins  removed  to  show  tha 
instrumentation  package  located  in  the  thorax  area,  a  battery  storage  compartment 
in  tba  upper  leg  and  tba  head  mounted  antenna  uaad  for  data  transmission.  Tha 
circuit  board  configuration,  from  tha  rear  view,  ia  shown  in  figura  8. 


Tn*  availability  o f  15*  channels  at  data  allova  extensive  aonitotlng  of  tha 
■anlkla'a  responses  aa  vail  aa  collaction  of  external  data.  AD AX  baa  b«*n 
designed  tot  aaaauraaant  of  tbta*  orthogonal  accalaration  components  (trl-azial) 

In  tna  baaa,  thorax  ana  pelvis i  alx  torea  ana  nonant  coaponanta  both  batvaan  tha 
aaaa  ana  tha  nack  ana  batvaan  the  luabar  aplna  ana  tha  palviaj  ana  tha  poaition  of 
all  ravoluta  joint*.  Additionally,  load  call*  ara  locatad  at  tna  joint*  In  tha 
lovar  lag*  to  aaaaura  toralonal  aoaanta.  rigura  9  ahova  tha  location  of  a  n unbar 
of  ADAM  tranaducara.  A  Hating  of  tbaaa  tranaducar  cbannala.  including  onaa  for 
intarnal  tanparatura  ana  parachut*  risar  load*,  ara  praaantad  in  Table  1. 

Pour  piacaa  of  prinary  aupport  equipaent  can  ba  uaad  with  tha  ADAM'* 
lnatr unantatlon  ayataa.  Shay  ara  tha  Plaid  Fovar  Supply,  tha  Dacoanutation 
Syataa,  tna  Data  Retrieval  ana  Storag*  Syataa  and  tha  band  bald  Control  and 
Oiagnoatlc  Unit. 

Tna  Piald  Fovar  Supply  (FPS)  xa  a  rachargaabla  povar  supply  that  vaa  dasignad 
to  aupplaaant  ADAN's  on-board  battariaa.  Tha  PFS  contain*  its  ovn  rachargaabla 
bactary  vnlcb  alactronlcally  circumvents  ADAS'*  on-board  battariaa  vhanaver  it  la 
connactad  and  placao  on-lina.  Tha  Dacoanutation  Syataa  la  uaad  as  a  landllna 
talaaatry  link  tor  raal-tlaa  data  acquisition  during  tasta  and  as  a  diagnostic 
tool  for  tha  on-board  talaaatry  syataa.  Tha  Data  Retrieval  and  Storag*  Syataa 
(DBASS)  ott-loaos  data  froa  ADAM1*  on-board  naaory  and  atoraa  tha  data.  A  high 
spaaa  parallel  port  is  locatad  on  AOAM's  inatruaantation  syataa  to  dovnload  data 
to  tha  DBASS,  vnicn  takes  approxlaataly  four  seconds.  Tha  DBASS  is  the  link 
batvaan  ADAM  and  a  device  for  paraanant  data  storag*  and/or  analysis.  Tha  DRASS 
can  coaaunicat*  vith  a  vide  variety  of  conputara,  printsrs  and  tsralnals  using  a 
standard  RS-232  or  RS-422  serial  port  at  various  baud  rates.  Tha  hand  bald 
Control  ana  Diagnostic  Unit  (COO)  is  usao  to  access  a  coaprchansiv*  sat  of 
diagnostics  to  tast  tna  syataa  operation  and  to  provide  aasistanca  in  systen 
calibration  and  harovar*  trouble  shooting.  Figure  1(  sbovs  the  ADAM  vith  its 
aupport  aquipaant. 


ADAM  COM  PL  I  ARCS  TESTS 

ADAM  vas  subjected  to  a  sariaa  of  rigorous  tests  to  ensure  that  it  perforns  to 
to*  design  specif ications.  Tha  teats  vara  designed  to  duplicate  the  environaental 
conditions  to  vnlcb  ADAM  vlll  be  subjected  during  an  ejection  tast  at  Bolloaan  AFB 
MM  in  aupport  or  tna  CBS ST  aevalopaent  prograa.  This  section  describes  a  number 
of  tasts  conducted  by  tna  USAF  to  evaluate  ADAM.  It  also  provides  s  summary  of 
tna  tasts,  but  is  not  meant  to  b*  an  in-depth  test  report  since  many  of  the  tests 
nava  recently  bean  completed  and  further  data  analysis  is  still  to  be  performed. 

Gs  Vibration  Tasta.  Tha  Gx  vibration  tasts  vare  conducted  to  determine  ADAM's 
spinal  oynamic  response  and  to  test  tb*  functional  integrity  of  the 
instrumentation  system  unoor  vibration  conditions.  The  tests  were  conducted  on  an 
Onnoltx-Dickl*  vibration  table  (Figure  11).  Data  collected  in  the  tests  included 
to*  tore*  batvaan  tna  seat  and  vibration  table,  velocity  of  the  seat,  and  driving 
point  rapeoanc*  (aagnitud*  and  phase)  batvaan  the  manikin  and  the  seat.  In  the 
first  sariaa  ot  testa  tha  frequency  rang*  covered  vas  3  to  3*  Hs  in  1  Bx  discrete 
increments  and  at  lov  accalaration  levels  (Small  ADAM  -  f.2  and  f.4  G  and  the 
iarg*  ADAM  -  (.2,  *.3  and  *.4G)  typical  of  those  used  for  human  impedance 
measurement  tasting.  In  tha  second  sariaa  of  tasts,  the  primary  concern  vas  the 
ADAM  instrumentation  systaa  durability  and  possible  mechanical  resonances  from  3* 
to  2tf  Bx  that  might  lead  to  structural  electrical  system  damage.  Preliminary 
teat  results  indicated  a  resonant  frequency  ot  approximately  12  Bx  for  the  small 
ADAM  ana  f  Bx  for  tn*  large  ADAM.  These  values  correspond  to  tha  1*  Bx  natural 
rasonanca  frequency  dasignad  into  each  manikin  for  spinal  dynamic  response.  Mo 
structural  aystea  carnage  or  data  collection  problems  vera  encountered  during  tha 
vibration  tasta. 

Vertical  Drop  Tover  Tssts.  Tha  primary  purpose  of  these  tests  vas  to  evaluate 
tn*  durability  of  tha  ADAM  aachanlcal  structure,  sensors  and  data  collection 
systea  for  Gs  impacts  up  to  24  Ga  and  to  catsraine  the  degree  of  improvement  in 
aynaalc  response  siaulation  provided  by  the  ADAM  versus  the  manikin  currently  used 
tor  ejection  seat  testa,  the  Gruaman-Alderson  Research  Dummy  (GABD) .  Since  the 
ADAM  vill  be  used  to  evaluate  the  performance  capability  of  the  CREST  technologies 
demonstration  seat,  it  vas  vital  that  the  dynamic  response  properties  of  the  ADAM 
ba  measured  in  a  realistic  context.  Therefore,  the  use  of  seat  cushions  and 
restraints  associated  vith  CREST  vere  used  in  the  tests.  A  rather  extensive 
program  vas  conauctea  to  determine  not  only  bov  ADAM  responds  to  vertical  impacts, 
but  also  bov  humans  and  the  GARD  manikin  respond  under  the  sane  impact  conditions. 
The  folloving  tasks  vere  performed  aa  part  of  this  program  (1)  measurement  of 
toe  dynamic  response  of  the  human  body  during  +X-axis  impact  vith  seat-back  angles 
of  t  and  II  degrees,  (2)  measureaent  of  the  dynamic  response  of  tb*  ADAM 
prototypes  during  tt-axis  impact  vith  seat-back  angles  of  19,  9  and  -If  degrees, 
(3)  measurement  of  the  dynamic  response  of  tb*  GARD  manikins  during  +i-axis  impact 
vitn  seat  back  angles  ot  If,  f  and  -1*  degress,  (4)  measurement  of  the  dynamic 
response  of  nuaan  subjects,  tha  ADAM  prototypes  and  tb*  GARD  manikins  vith  and 
vithout  seat  cushions,  ( 5 )  measurement  of  the  dynamic  response  of  human  subjects, 
tb*  ADAM  prototypes  ana  the  GARD  manikins  vith  the  CREST  X-band  9*  degree  and 


K2J-15/P  restraint  harnesses,  (<)  daaonatrata  tbe  structural  integrity  of  ADAM 
prototypes  and  instrumentation  aystsaa  aad  (?)  daaoastratloa  of  tbe  fuactloaal 
capability  of  tas  ADAM  instrumentation  systca. 

A  generic  aaat  was  used  during  the  tasts  that  was  fully  instrumented  to 
•assure  aaat  deceleration,  loaas  applied  by  tba  tost  subject  to  tba  scat  back  and 
pan  and  barnass  tla-down  loads.  Tba  tasts  used  tba  CU8T  x-band  M  dagraa  and  tba 
PC0-15P  barnaas  to  restrain  tba  tost  subject  and  ware  attaebad  to  the  test  fixture 
through  loan  calls  so  that  subject-applied  barnass  loads  could  be  aeaaursd.  light 
channels  of  ADAM  cats  wars  recorded  tbrougb  three  different  paths  and  Beasuredi 
(1)  lead  X  acceleration,  (2)  Bead  I  acceleration,  (3)  Chest  X  acceleration, 

(4)  Dunbar  X  acceleration,  (3)  Lumbar  X  force,  (()  Beck  X  force,  (7)  Blgbt  knee 
flexion  and  (X)  Deft  elbow  flexion.  These  eight  ADAM  data  channels  were  connected 
In  parallel  to  the  Automated  Data  Acquisition  Control  8ystea  (ADA CD)  of  the  teat 
facility  which  served  as  a  standard  for  coaparisg  data  obtained  by  tba  following 
two  aatoode.  Tba  data  from  tbasa  sale  cbannals  were  obtained  froa  tba  output  of 
toe  teleaetry  port  of  tba  ADAM  systea  ano  froa  tba  on-board  ADAM  aaaory  systaa. 
Comparison  ot  tba  oats  recorded  by  tbasa  two  different  aatbods  against  tba 
standard  (ADACI)  was  used  to  provide  an  evaluation  of  tba  functionality  and 
accuracy  of  tba  ADAM' a  talaaatry  and  aaaory  syataaa. 

■orlsontal  Iapact  Taata.  Tba  specific  objectives  of  these  testa  ware  to 
(1)  daaonatrata  tba  ADAM  structural  durability  sod  data  acquisition  ayatea 
reliability  (comparing  data  obtained  via  the  ADACs,  ADAM  on-board  aenory  and 
teleaetry) ,  (2)  measure  tba  dynaaic  response  of  the  ADAMs  during  -X-axis  and 
-T-axls  lapacta  by  aessurlng  tbs  restraint  load-tine  histories  and  body  notion  and 
then  comparing  It  to  existing  nuaan  test  data  and  (3)  daaonstrate  the  stability  of 
tba  ADAM  electronics  vlto  respect  to  pre-test  sensor  sensitivities. 

All  tna  tests  were  conducted  using  tba  AAMAL  lapulsa  Acceleration  facility  at 
Krlgot-Patterson  Are  OB.  Tba  experlaental  test  fixture  was  tba  *46-0  east*  on  a 
17  degree  wedge  (used  in  -X-axls  testing  only),  mounted  on  tba  lapulsa 
Acceleration  sled  and  modified  to  represent  the  CAIST  seat  in  an  P-16 
configuration,  for  the  tl-axis  teats,  the  seat  back  was  reclined  13  degrees  froa 
tna  vertical.  Tna  X-Sand  45  degree  restraint  harness  and  the  X-Band  96  degree 
restraint  barnass  were  used  for  all  tasts.  Xacb  aanikln  contained  the  following 
sanaorai  trl-axlal  linear  acceleroaetera  mounted  In  the  head  and  chest, 
sis-coaponant  load  calls  aounted  In  tba  beao/nack  and  pelvis  and  an  externally 
mounted  trl-axlal  cbest  accelaroaeter.  Pbotograaaetrlc  data  was  recorded  during 
eaca  test  by  nlgb  speed  caaerss  aounted  on  the  sled  at  oblique  and  right  angles  to 
'.as  aanlklna.  Praliainary  results  bave  demonstrated  that  both  A  DAM  a  successfully 
passed  teats  ot  up  to  45  Os  -X-axls  and  14  Gs  +Y-axla  iapacts  without  peraanent 
oetoraatlon  or  failure  ot  aecuanlcal  structures  and  the  instrumentation  systaa 
operated  and  maintained  structural  integrity. 

■nvlronaantal  Tests.  Tbis  series  of  teats  was  deslgnad  to  expose  ADAM  to  an 
environment  similar  to  the  one  it  la  to  operate  In.  The  main  objective  of  the 
thermal  teats  was  to  evaluate  the  functional  Integrity  of  the  Instrumentation 
ayatea  unoer  thermal  conditions  for  temperature  ranges  of  32  to  158  degrees 
Pabrennelt  (f  to  76  degrees  Centigrade)  and  bualdlty  ranges  of  6  to  98  percent 
relative  bualdlty.  Tbe  email  ADAM  wae  placed  In  an  environmental  test  chamber  and 
expoaed  to  toe  following  combination*  of  temperature  and  bumldityi  1)  high 
temperature  end  high  bualdlty,  2)  nlgb  temperature  and  low  humidity,  3)  low 
temperature  and  blgb  bualdlty,  and  4)  low  temperature  ano  low  humidity.  Eacb  test 
was  tour  hours  In  duration.  ADAM  data  was  collected  from  botb  tbe  on-board  memory 
and  froa  tbe  telemetry  output.  Comparison  of  tbe  data  recorded  by  tbe  two  sources 
was  used  to  provide  an  evaluation  of  tbe  functionality  and  accuracy  ot  tbe  ADAM 
teleaetry  and  aeaory  systea  during  extreaes  in  temperature  and  humidity.  One 
problem  was  discovered  curing  tbe  testa.  At  approximately  148  degreee  Pabrenbeit, 
wltn  tbe  aanikln  fully  powered,  the  central  processing  unit  fallen.  At  the  time 
of  failure  the  Internal  temperature  In  tbe  instrumentation  enclosure  caused  by 
beat  buildup  was  221  degrees  Pabrenbeit.  While  th  central  processing  unit  failed 
at  tnls  temperature,  no  peraanent  damage  resulted  a.id  total  functional  recovery 
occurred  after  systea  cool  down,  further  tests  are  planned  to  Investigate  tbis 
problem.  Cooling  oevicee  nay  need  to  be  inrtalled  in  tbe  instrumentation 
enclosure  to  oleaipate  beat  for  operation  in  blgb  ambient  temperatures.  Cold 
temperatures  ano  varying  bualdlty  levels  did  not  affect  tbe  operation  of  tbe 
Instrumentation  systea. 

SUMMARY 

The  ADAM  nas  been  deelgneo  not  only  to  provide  correct  reactive  loads  into  the 
harness ,  seat  and  any  other  interactive  atcuctures,  but  to  also  be  sufficiently 
internally  blofidelic  so  tbat  its  internal  response  measures  may  be  related  to 
equivalent  human  responses  under  the  same  exposure  conditions.  Tbs  information 
acquired  froa  ADAM  will  provide  unique  and  valuable  insights  into  the  responses  of 
tne  combined  ADAM  and  ejection  aeat  system  to  bigb-speed  windblast,  impact, 
vibration  and  acceleration  forces.  Perbaps  more  importantly  though,  it  also  will 
provide  evidence  as  to  bow  these  combined  forces  will  affect  tbe  crewmember  and 
allow  a  realistic  assessment  of  bis  changes  for  survival.  While  substantial 
validation  still  neeos  to  be  performed,  tbs  biofldellty  and  extensive  response 


aaaaureaent  capability  of  ADAX  abould  make  it  a  powerful  tool  for  tba  aafaty 
aaaaaaaant  of  aircraft  aubayataaa  and  procaduraa. 


Future  rafinaaanta  to  ASAX  currently  underway  include  developing  eoapoaite 
aagaenta  for  aore  anatoaically  correct  Inertial  ana  bone-like  deforaation 
propartiea  ana  an  iaprovea  neck  to  provide  aora  buaan-llka  raaponaaa  in  forward 
and  lateral  lapact  alrectlona. 
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SUNHAAT 

The  United  Stotot  Air  Foret  It  currently  engaged  In  on  advanced  development  program 
to  dononitroto  tho  footlblllty  of  extending  the  copoblllty  of  open  ejection  toot*  to 
700  MAS.  The  proboblllty  of  Injury  ot  thtt  olrtptod  It  ottlnotod  to  bo  100  porcont, 
botod  on  the  current  Injury  ttttlitlct.  Pott  opproochot  to  ulndblott  protection  hoet 
Inuotuod  tho  uto  of  hornottot  end  Hub  tothort  uhtch  hoy*  proved  to  bo  unoccoptoblo  to 
pllott.  Therefore,  oduoncod  unoncuuborl ng  technique!  ort  required  to  protlde  the  needed 
protection.  The  USAF  hot  developed  end  totted  o  ulndblott  protection  concept  thot 
utilize!  high-strength,  deployable  fobrlc  panels.  The  panelt  capture  and  slou  the 
aerodynamic  flou  inpinging  on  the  ejection  sett  occupant's  estrenltles  and  torso  and 
reduce  the  probability  of  ulndblott  Induced  flail  Injury.  Hind  tunnel  tests  uere 
conducted  In  lou-  and  high-speed  ulnd  tunnels  using  one-half  scale  models  of  a  fiftieth 
percentile  crewman  and  ejection  seat  at  uell  as  full-scale  nanlklns  and  modified  ACES 
11  ejection  seats  equipped  ulth  the  floe-stagnation  panels.  The  tests  uere  accomplished 
to  determine  the  degree  of  protection  for  the  ereenember,  the  Influence  of  the  floe- 
stagnatton  panels  on  ejection  seat  aerodynamics,  and  the  effects  of  design  changes  to 
the  panel  shspe  and  material.  The  ulnd  tunnel  tests  have  demonstrated  the  protective 
potential  of  the  f 1 ou-stagnat 1  on  concept,  but  classical  aerodynamic  and  ulndblast  tests 
have  Indicated  the  configuration  of  the  panels  Is  critical  to  the  protection  of  the 
creumember's  head.  Configuration  of  the  panelt  Is  alto  critical  for  the  reduction  of 
tne  total  loads  acting  on  the  creumember  and  seat  combination.  Uithout  passive 
aerodynamic  reduction  of  the  forces  and  moments,  a  larger  catapult  and  stabilization 
system  thrust  must  be  used  to  maintain  stabilized  flight  through  the  ejection  sequence. 
An  overview  of  the  flow-stagnation  wlndblast  protection  system  tests,  the  Implications 
of  Its  use  and  required  future  tests  are  discussed. 

INTRODUCTION 

A*  unfortunate  Oeorge  Smith  wet  forced  to  eject  from  his  F-100A  over  the  Pacific 
Ocean  on  February  26,  1955.  The  altitude  at  the  time  of  ejection  was  between  5030  and 
7000  feet.  The  aircraft  was  travelling  at  675  KEAS  In  a  near  vertical  dive  meaning 
that  Smith  encountered  dynamic  pressures  In  excess  of  1500  pounds  per  square  foot  (psf) 
during  his  entry  into  the  alrstream.  As  a  result  of  his  experience,  Smith  received 
multiple  Injuries  but  none  of  them  proved  to  he  fatal.  These  Included  Internal 
hemorrhage,  concussion,  hip  joint  sprains,  and  an  Intestinal  obstruction  due  to  a 
perforation  of  the  Intestine  which  was  believed  to  occur  during  the  ejection  as  well  as 
a  plethora  of  other  minor  ailments.  Following  his  accident,  researchers  made  the  first 
attempt  to  quantify  the  forces  and  accelerations  endured  by  the  pilot  and  correlate 
then  to  the  actual  injuries  sustained,  A  series  of  high-speed  sled  runs  was  conducted 
at  the  Air  Force  Flight  Test  Center,  Edwards  Air  Force  Base  to  neasure  seat  and  manikin 
accelerations  end  calculate  the  forces  occurring  during  test  ejections  designed  to 
simulate  Smith's  experience  (1).  It  was  concluded  that  the  medical  findings  were 
consistent  with  the  pattern  of  accelerations  and  forces  calculated  during  the  simulated 
ejection  tests. 

Surveys  conducted  later  were  more  complete  In  describing  the  relationship  between 
aircraft  speed  at  the  time  of  ejection  and  Injuries  sustained  (2),  Statistical 
ejection  data  from  United  States  Air  Force  (USAF)  was  used  to  relate  the  frequency  and 
severity  of  wlndblast  Injuries  to  aircraft  speed,  Slven  the  average  speed  of  ejection 
as  determined  from  this  study,  225  knots  Indicated  airspeed  (XIAS),  the  expected  Injury 
rate  was  only  3  percent.  However,  If  this  figure  were  to  Increase  by  50  knots,  as  In 
the  case  of  combat  situations  where  slowing  to  optimum  speeds  before  escape  Is  not 
possible,  the  Injury  rate  would  rise  to  7  percent.  A  further  Increment  of  50  knots  to 
32S  k 1  AS  would  result  In  a  13  percent  Incidence  of  flail  Injury.  Also,  the  average 
speed  of  ejection  resulting  In  major  Injury  was  found  to  be  414  XIAS  for  USAF  ejection 
experience  through  1970.  The  analysis  clearly  shows  that  injuries  caused  by  the  forces 
and  accelerations  during  ejection  have  the  potential  for  Increasing  In  a  nonlinear 
fashion  to  a  point  at  which  there  Is  a  100  percent  certainty  that  an  ejecting 
crewmember  will  receive  a  wlndblast  Injury  above  600  XIAS. 

Other  researchers  have  Investigated  the  correlation  of  ejection-induced  or 
wlndblast  Injury  and  USAF  ejection  experience  to  produce  a  'probability  of  flail 
Injury*  curve  as  a  function  of  aircraft  speed  at  the  time  of  ejection  (Figure  1). 

Fayne  described  the  relationship  between  flail  Injury  and  ejection  airspeed  and 
demonstrated  that  the  probability  of  flail  Injury  is  normally  distributed  by  the  square 
of  the  Indicated  airspeed  (3).  In  1978,  Selk  categorized  flail  Injuries  against 
aircraft  type,  airspeed  at  the  time  of  ejection,  method  of  Initiation  of  ejeetton 
(sequenced,  D-rlng,  face  curtain,  sldearm,  or  Inadvertent)  and  presence  or  lack  of 
restraint  systems  designed  to  prevent  flail  Injuries.  The  resulting  Injury  curve,  that 
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were  generated  show  the  same  relationship  between  the  probability  of  flail  Injury  and 
ejection  airspeed  that  the  earlier  analyses  produced  (4).  Belt's  wort  also  showed, 
however,  that  the  average  ejection  airspeed  was  Increasing  with  newer  aircraft.  This 
resulted  In  an  Increase  In  flail  Injury  as  predicted  by  the  probability  of  Injury  curve 
versus  ejection  airspeed.  It  appears  that  the  occurrence  of  wlndblast  Injury  would  be 
a  Halting  factor  In  judging  the  performance  capabilities  of  emergency  ejection  seats. 
Wlndblast  countermeasures  win  be  essential  If  these  capabilities  are  to  be  extended  to 
higher  airspeeds. 


PHYSICS  CF  WIND81AST  RESPONSE 

Understanding  the  physical  processes  that  occur  during  wlndblast  Injury  are 
necessary  In  order  to  design  an  effective  countermeasure.  Fortunately  the  physical 
processes  which  produce  wlndblast  injury  are  well  understood  (5).  There  is  great 
disparity  between  the  forces  acting  on  the  extremities  of  an  ejectee  and  those  acting 
on  the  seat  during  ejection  Into  a  high-velocity  wlndstream.  The  limbs  are  forced 
outward  (to  the  side)  and  backward  due  to  the  direction  of  the  aerodynamic  flow,  and 
because  of  their  higher  drag  characterl sties  they  decelerate  more  rapidly  than  the 
torso  and  seat.  If  the  arms  and  legs  are  dislodged  from  the  seat  by  the  aerodynamic 
and  Inertial  forces  and  If  the  airspeed  Is  sufficiently  high,  the  extremities  are 
Injured  when  Joint  strength  Is  exceeded  or  when  the  long  bones  are  fractured  by  contact 
with  the  seat  structure.  Injury  of  the  cervical  spine  Is  caused  by  tension,  bending, 
and/or  shear  loads  resulting  from  Inequalities  of  the  aerodynamic  forces  and 
accelerations  acting  on  the  head  and  neck. 

PROTECTION  TECHNIQUES 

Solutions  to  the  problem  of  preventing  wlndblast  Injuries  include  many  Ideas  on 
restraining  the  notion  of  all  extremities  and  reducing  the  loading  occurring  on  the 
limbs  by  altering  the  aerodynamic  flow  as  well  as  reducing  the  Inertial  loading. 
Conventional  approaches  to  wlndblast  protection  have  used  extremity  restraints  such  as 
leg  garters  and  arm  sleeves  with  encumbering  straps  which  must  be  donned  and  attached 
to  the  seat.  Head  and  neck  protection  concepts  have  restricted  mobility,  added  bulk, 
presented  actuation  problems,  and  frequently  created  added  Injury  hazards.  Therefore, 
convent  1 onal  wlndblast  approaches  have  not  been  readily  accepted. 

The  approach  to  crew  protection  for  emergency  escape  at  high  airspeeds  has  been 
encapsulation  of  the  ejection  seat  (as  In  the  B-58  and  B-70  escape  systems)  or  use  of  a 
separable  cockpit  as  an  escape  vehicle  (as  In  the  F/FB-11I  aircraft).  However,  both 
systems  have  considerable  weight,  cost,  and  low-altitude  performance  penalties. 
Therefore,  new  approaches  are  being  considered  to  reduce  the  risk  of  wlndblast  injuries 
In  open  ejection  seats.  These  Include  the  use  of  both  active  restraint,  requiring  the 
occupant  to  take  action  to  don  the  system,  and  passive  devices  that  provide  protection 


by  reducing  the  aerodyaaalc  flow  laplaglng  •*  til  Of  t  tort  lot  of  tbo  seat-occupant's 
body. 

State-of-the-art  ajacttot  taat  atabl 1 1 aatloa  fa  a  aajer  factor  that  coaatrafaa  tbo 
doaffb  of  to  off  act  Ira  oludblaat  »rottctfon  ayatta.  Kind  totaol  taat  data  and  tbo 
roaultt  of  racket  alad  taata  bare  daaonatratad  tbat  ejection  seats  bate  tot  achieved 
adequate  dlractfonal  atabtlfty  at  high-speed.  Tbit  problaa  severely  coaproaltet  tut 
effectiveness  of  tfdt  total  a  and  aata  wbfeb  art  aounttd  to  tbo  afdta  of  tbo  taat  and 
fttandad  to  pravoat  axtraafty  flail  Injuries.  However,  dlracttoaal  cattrol  hat  boon 
laprovod  It  tbo  racatt  pataratlot  of  ejection  taata  and  fartbar  adveaceaents  art 
antlclpatad  It  tba  noat  dacada.  Tbarafort,  protactlon  tcbaaat  prtdlcatad  upon  laprovod 
taat  atabl 1 Izattoa  way  boat  aorlt  at  laager  tora  aolatltna. 

THC  FIOH-STAMATIOH  COHCEFT 

Tba  MSAF  bat  developed  and  taatod  a  olndhlatt  protactloa  caacapt  tbat  atlllxaa 
high-strength,  daployablt  fabric  paaala  (().  Tba  paaolt  captaro  tad  alow  tba 
aarodynaalc  flow  laplnglng  on  tba  tjactloa  taat  accupaat'a  aatraattlaa  aid  torso,  tad 
tbay  redact  tba  probability  of  wladblatt-ltdacad  flail  Injury.  Tbit  captarad  air.  or 
atagaatad  flow,  than  41«erta  tba  htgh-valocity  airflow  aroand  tba  taat  occupant.  Tba 
crawaaabar  alta  la  tbo  f low-stagnation  ration  ablet  allataatoa  tba  large  dlffaraatlal 
prtataraa  wblcb  woald  act  to  dltlodga  bit  llabt.  Out  of  tba  fisw-ttagaatlsa 
coaf 1 purat loot  carraatly  being  ttadlad  aaaa  a  fabric  fence  aractad  around  tba 
aaat-occapant'a  baad.  torao,  and  appar  laga  prtor  to  ajacttot  (figure  2). 

OVERVIEW  OF  F10H-STADHAT10H  PtOOIAM 

Tba  effectlvenatt  of  tba  flow-atagnatlon  caacapt  bat  bean  evaluated  by  wind-tunnel 
taata  utlllilnt  both  acala-aodtla  and  full-acalt  taat  ejection  taata  equipped  with 
patela  and  operational  hardware.  Tba  tcala-aodtl  taata  wart  accoapllthed  to  deteralna 
tba  concept  feaatbltlty,  tba  loada  acting  on  tba  crawaaabar,  back  nuaber  affacta  and 
tba  affacta  of  panel  alia  on  tba  aaount  of  protection  given  to  tba  crawaaabar.  Tba 
fwll-tcala  taata  ware  run  to  evaluate  tba  affacta  of  tba  flow-atagnatlon  panala  on  aaat 
parfaraanca. 

During  tba  acala  nodal  taata.  a  ona-balf  acala  nodal  of  a  crawaaabar  and  ojactlon 
taat  waa  uaad.  Tba  tlza  of  tba  atagnatlon  fence  wet  varied  froa  aa  ettlaatad  aaalaua 
faaalbla  alze  to  ZS  percent  of  thota  dlaeatlont.  The  aaalawa-tlza  fence  configuration 
protruded  1Z.S  In  forward  above  tba  occupantta  helnetad  baad,  f  la  forward  at 
ald-balaat  level ,  9  la  forward  at  upper-ara  level,  and  (.79  la  upward  froa  tbs  aoat 
aldet  by  tba  lowar-ara  (full-tcale  dlaanaloat). 

Tba  data  collected  during  tbaaa  taata  Indicated  tbat  tba  flow-atagnatlon  fanca  la 
vary  affective.  Fraaaura  aaaaurad  at  verlout  polnta  within  the  cavity  bordered  by  tba 
fanca  ahowed  tba  degree  of  atagnatlon  ranged  froa  BO  to  100  percent  whan  the  aexlaua 
fence  wax  uaad  and  90  percent  whan  tba  fanca  dluenxlona  warn  reduced  by  one  half.  Tba 
praaauraa  aaaaurad  on  tba  aaat-occupant't  helaet  vlaor  and  chest  ware  rafted  only 
altghtly  alnca  tbaaa  treat  are  noraally  reglona  of  atagnatad  flow.  Tba  loada  aaaaurad 
by  tba  forca-aaaturl ng  davlcea  within  tba  teat-occupant  nodal  showed  aajor  reductions 
whan  tba  flow-atagnatlon  fanca  waa  uaad.  For  axaapla.  previously  aaaaurad  vertical 
forces  of  approxlaately  1000  pounds  acting  on  tba  baad  ware  reduced  to  near  zero  over 
tba  range  of  pitch  angles  tatted.  Tba  axial  forces  acting  on  tba  baad  ware  reduced  to 
near  zaro  whan  tba  fanca  size  waa  90  percent  and  ware  negative  with  tba 
aaxlaua-dlaenslon  fanca.  negative  forces  Indicate  tbat  tba  force  waa  now  acting  In  the 
opposite  direction.  Tba  sideward  forcas  acting  on  tba  baad  and  arat  ware  alto  reduced. 
Tba  stagnation  faacaa  affected  tba  vertical  force  on  tba  lower  am a  la  tba  aaaa  aannar 
as  the  baad. 

Forces  and  aoaants  aaaaurad  to  evaluate  tba  Influence  of  tba  fence  on  tba 
aarodynaalc  properties  of  tba  aodal  revealed  several  significant  ebangaa  In  tba 
stability  characteristics.  First,  tba  pltcblng-woaant  coefficient  wet  reduced.  This 
la  a  beneficial  affect  tinea  tbo  aodal  without  the  fence  bat  a  significant  negative 
pitching  noaant.  Second,  the  addition  of  tba  fanca  bad  practically  no  Influence  on  tba 
yaw  noaant.  Third,  tba  drag  coefficient  of  tba  aodel  nearly  doubled  whan  tba  aaxlnua 
size  fence  was  used  and  Increased  by  79  percent  whan  tba  fence  size  waa  reduced  by  one 
half.  Fourth,  tba  force  coefficient  acting  perpendicular  to  tba  wind  vector  Increased 
froa  -0.11  to  -0.98  whan  the  full-size  fence  was  added,  (eduction  of  tba  fence  size  by 
one  half  did  not  produce  a  aajor  change  in  this  effect. 

Mach  nuaber  also  had  a  significant  affect  on  the  aerodynaatc  forces  acting  on  all 
tba  Hab  segaenta  of  tba  basic  aodal.  Tba  tlab  forces  generally  Increased  with 
Increasing  Mach  nuaber.  However,  when  the  flow-stagnation  panels  were  added,  tba  Hab 
forces  were  reduced  again  to  nearly  zero.  Although  the  lift  values  for  the  bead 
Increased  slightly  with  increasing  Hath  nuaber,  the  values  reaalned  low  In  aagnltude. 
The  protection  afforded  by  the  flow-stagnation  panels  was  effective  for  all  llabt  up  to 
speeds  of  Mach  l.Z  (7). 

The  crewaan/seat  aodal  wet  not  believed  to  be  a  reasonable  Indicator  of  teat 
perforntnee  characteristics  with  the  flow-atagnatlon  panels  attached.  Since  the 
crewaeabar's  Hubs  were  extensively  Instruaented ,  the  flow-stagnation  panels  ware 
purposely  built  outboard  of  the  aras  so  tbat  there  was  no  possibility  of  Interferonee. 
Interference  between  the  flow-stagnation  panel  and  Hab  would  have  altered  or  Bade  the 


aeasureaent  laposslble.  Th«  aounttng  structure  for  the  flow-stagnation  panels  >is 
reasoned  to  Increase  total  toot  drag  and  noraal  forcts  bacauta  of  th*  Increased 
projected  frontal  araa.  Thasa  Incraasad  loads  aould  tand  to  Incraasa  already  high 
dacalaratlon  loads  and  sink  ratas.  A  largar  catapult  and  rocket  aotor  aould  ba 
required  to  coapensate  for  tbasa  affects,  and  the  weight  and  volume  raqulraaents  for 
the  additional  propellants  aould  preclude  the  use  af  tba  floe-stagnation  panels. 

To  clreuavant  tba  difficulties  af  using  Instruaented  scale  aodels  to  evaluate  tba 
affects  of  tba  floa-stagnatton  panels  on  seat  parforaanca,  full-scale  tests  ears 
conducted.  Prototypes  of  tba  floe-stagnation  panels  aara  fabricated  and  atticbed  to  an 
ejection  seat.  A  total  of  seven  floe-stagnation  configurations  aara  tasted  during  tao 
wind-tunnel  test  series.  Hunan  subjects  aara  used  during  tba  test  prograa  and  aara 
outfitted  eltb  alnlaal  flight  gear.  Tba  full-scale  static  aerodynaalc  coefficients 
that  aara  found  with  a  flow-stagnation  configuration  slallar  to  tba  one  tasted  on  tba 
scale  aodet.  Indicated  significant  laprovaaant.  For  exaaple,  tba  total  seat  drag  was 
40  percent  greater  than  tba  drag  aaasurad  for  tba  baseline.  Tba  saaa  aaasuraaant  for 
tba  nodal  Indicated  a  100  percent  Incraasa.  Tba  noraal  force  coefficient  showed  a 
positive  Incraaent  over  tba  baseline  configuration.  Tba  raaalnlng  aerodynaalc 
coefficients  reflected  the  trends  observed  In  the  scale-aodel  wind  tunnel  tests. 

Farther  investigation  of  the  high  drag  values  was  aeeoapllshed  with  the  use  of 
saoke  Injections  Into  the  ulndttraaa.  The  saoke  was  Injected  upstreaa  of  the  nodal , 
and  the  flow  over  the  nodal  was  observed.  With  the  baseline  andel  (no  flow-stagnation 
panels)  the  saoke  was  swept  around  the  crewaeaber  and  was  quickly  dissipated  behind  the 
seat  Into  a  low-pressure  region.  The  saoke  flowfleld  swept  a  different  apparition  when 
used  on  the  aodel  fitted  with  the  flow-stagnation  panels.  The  saoke  was  observed  to 
dissipate  alaost  laaedlately  to  the  side  of  the  panel  after  It  passed  the  leading  edge. 
This  was  an  Indication  that  the  low-pressure  region  was  larger  for  the  flow-stagnation 
configuration  than  that  of  the  baseline.  If  the  airflow  separation  were  aoved 
downstreaa,  the  low-pressure  region  could  be  reduced  or  ellalnated  end  the  total  drag 
acting  on  the  seat/crewaeaber  coablnatton  would  be  reduced. 

Follow-on,  full-scale  wind  tunnel  tests  were  designed  to  shift  the  point  of  airflow 
separation  aft  of  the  leading  edge  of  the  flow-stagnation  panels.  Principles  of  thrust 
vectoring  were  used  to  locate  vent  locations  along  the  flow-stagnation  panel  where  the 
flow  separation  was  observed  to  occur.  The  venting  allowed  the  high-pressure  airflow 
froa  within  the  stagnation  voluae  to  enter  the  separated  region  along  the  side  of  the 
seat,  re-energlze  the  boundary  layer,  and  delay  flow  separation.  Three  vented 
configurations  were  tested  with  each  configuration  allowing  aore  venting  than  the 
previous  one  tested.  The  third  configuration  had  venting  locations  at  the  leading  edge 
of  the  flow-stagnation  panel,  aid-panel  and  rear  edge  of  the  panel  (Figure  3).  The 
total  drag  of  the  crewaeaber  and  seat  coablnetlon  was  significantly  reduced  for  these 
configurations.  Iaproveaents  of  26  percent  In  total  drag  were  aeasured  for  the 
three-vent  configuration.  The  drag  or  axial  force  coefficient  values  for  the  various 
panel  configurations  are  shown  In  Figure  4, 


FIGURE  2.  FLOW-STAGNATION  CONCEPT 


FIGURE  3.  VENTEO  FLOW-STAGNATION  PANELS 
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Nigh  pressure  airflow  vis  also  Introduced  Into  the  low-pressure  regions  surrounding 
tho  s*(t  through  porous  fabric  ustd  In  tho  construction  of  tho  flow-stagnation  fine*. 

1*  thoso  conflgurotlons,  tho  high  energy  airflow  would  ba  perpendicular  to  tha  general 
airflow  surrounding  tha  cast.  Tha  porous  flow-stagnation  fancas  would  ba  slaptar  to 
•anufactura  and,  thaorat leal ly,  should  transfer  tha  high  anargy  air  aora  efficiently. 
However,  tha  wind  tunnel  tests  Indicated  that  tha  porous  fancas  Increased  tha  drag 
significantly  and  no  further  tests  ware  dona  with  these  aatarlals  (8). 


FI8URE  4.  TOTAL  SCAT  DHAO  VS.  ANSLE  OF  ATTACK.  YEHTED  CONFIGURATIONS 
AFPLICATIOH  OF  COHCEFT 


Tha  U.S.  Air  Force  Is  currently  conducting  an  advanced  developaent  prograa  called 
tha  Craw  Escape  Technologies  (CREST)  Advanced  Developaent  Frograa  under  the  direction 
of  tha  Huaan  Systeas  Division  of  tha  Air  Force  Systeas  Coaaand.  Tha  objective  of  tha 
CREST  prograa  Is  to  develop  and  daaonstrate,  through  full-scale  testing,  new  escape 
technologies  required  to  reduce  fatalities  and  aejor  Injuries  In  future  aircraft 
ejections.  Entendlng  the  high-speed  perforaance  Halts  to  700  REAS  Is  a  aajor  goal  of 
the  prograa.  Currently,  the  flow-stagnation  concept  Is  tha  wlndbtast  protection 
technology  that  Is  being  deaonstrated,  along  with  other  critical  subsysteas  such  as 
crew  restraint,  advanced  propulsion  and  digital  flight  control.  The  Rosing  Advanced 
Systeas  Coapany  Is  the  prlae  contractor  responsible  for  tha  effort. 

The  CREST  configuration  for  the 
flow-stagnation  fence  Is  significantly 
different  than  the  designs  tested 
previously  (Figure  S).  The  fence  design 
consists  of  an  upper  section  made  of 
high-strength  Kevlar  fabric  attached  to  the 
seat  back.  This  upper  section  foras  a 
bonnet  for  the  crewaeaber  and  acts  as  the 
flow-stagnation  fence.  The  lower  section 
on  each  side  of  the  seat  Is  nade  of  net 
aaterlal  designed  to  entrap  the 
arms.  The  arm  retention  net  consists  of  a 
trl angul ar- shaped  piece  of  material  with  a 
flexible  cable  routed  through  the  leading 
edge  of  the  entire  fence.  The  aft  edge  of 
the  arm  retention  net  Is  attached  to  the 
seat  sides.  The  arm  retention  net  and 
deployment  cable  are  stowed  with  the 
flow-stagnation  bonnet.  The  assembly  Is 
deployed  during  ejection  Initiation  with 
the  bonnet  and  arm  retention  net  being 
pulled  Into  place  tightly  with  the  leading 
edge  cable  and  cable-to-seat  attachments. 

Deployment  Is  powered  with  a  linear 
actuator  and  capstan.  For  lower  extremity 
restraint,  the  seat  tide  structure  Is 
extended  forward  and  fit  with  deployable 
metal  panels  that  are  designed  to  prevent 
foot  rotation.  Hhen  deployed,  these  panels 
are  located  on  both  sides  of  each  foot. 

Kith  this  anti-rotation  panel  design,  the  legs  FIGURE  5.  CREST  HIRDRLAST  FROTECTIOR 
must  be  raised  to  make  sure  the  feet  are  ASSEHIIY 


positioned  above  the  bottoo  edge  of  tht  panels.  Tbo  foot  panels  art  also  deployed  the 
Instant  the  ejection  handles  are  pulled.  They  are  eechanleally  connected  vlth  a 
latching  eechanlsa  to  the  ejection  handles.  Hhen  the  handles  are  pulled,  the  panels 
rotate  and  lock  Into  place  (9). 

The  CREST  design  requlraeents  for  the  nlndblast  assembly  were  that  the  lift  loads 
acting  on  the  head  and  neck  mould  not  esceed  300  pounds  and  the  side  loads  mould  not 
exceed  SO  pounds  during  a  stabilized  ejection  trajectory.  This  applies  throughout  the 
escape  envelope  nhlch  Includes  ejections  at  dynaalc  pressures  up  to  1660  psf.  Orag 
loads  on  the  head  mere  not  specified  since  the  aerodynaalc  and  Inertial  loads  were 
expected  to  be  reacted  through  the  headrest  of  the  ejection  seat.  The  design  goals  for 
the  CREST  nlndblast  protection  asseably  were  established  using  the  probability  of 
Injury  for  various  ejection  airspeeds  and  Kind  tunnel  data  collected  using  scale  models 
designed  for  aeasureaent  of  the  aerodynaalc  loads  acting  on  various  segannts  of  the 
creaaeaber's  body. 

CREST  KINO  TUMMEL  TESTS 

Soelng  conducted  mind  tunnel  tests  at  the  Arnold  Engineering  and  Developaent  Center 
to  gather  aerodynaalc  data  on  the  crenaember  and  seat  combination  and  to  verify  the 
design  of  the  nlndblast  asseably  (10).  The  tests  mere  conducted  In  tao  different 
tunnels:  the  16  X  16  foot  transonic  tunnel  and  the  16  X  16  foot  supersonic  tunnel.  In 
the  transonic  tunnel,  the  Investigation  nas  run  at  Mach  numbers  froa  0.6  to  1.5  at 

angles  of  attack  froa  -2$  to  90  degrees  and  sideslip  angles  froa  -30  to  +30  degrees. 

In  the  supersonic  tunnel,  the  data  were  obtained  at  Mach  nuabers  2.0,  2.S  and  3.0  at 
angles  of  attack  froa  -10  to  70  degrees  and  sideslip  angles  froa  2  to  -18  degrees.  The 

dynaalc  pressure  nas  varied  froa  135  to  400  psf  and  117  to  250  psf  In  the  transonic  and 

supersonic  tunnels,  respectively. 

The  crewaeaber  and  ejection  seat  rare  one-half  scale  aodels  that  Included 
sufficient  detail  to  aerodynamical ly  represent  the  geoaetry  of  the  CREST  seat 
configuration.  Hanover,  the  Kind  tunnel  model  was  not  equipped  Kith  anti -rotat 1  on  foot 
panels  located  along  the  Instep.  Overall  creKaeaber  and  seat  forces  and  aoaents  were 
measured  by  a  si x-eoaponent ,  Internal ly-aounted  balance.  The  crenaeaber  mas 
Instrumented  to  aeasura  the  aerodynaalc  forces  and  aoaents  acting  on  the  creKaeaber's 
limbs  plus  static  pressures  located  at  various  critical  points  on  the  aanlkln.  Of 
specific  Interest  mere  the  aerodynaalc  drag  loads  acting  on  the  seat  as  veil  as  the 
side  and  lift  loads  acting  on  the  creKaeaber's  head. 

The  total  farces  and  aoaents  aeasured  on  the  CREST  seat  elth  a  nlndblast  protection 
asseably  mere  significantly  different  froa  those  aeasured  on  the  basic  configuration 
not  equipped  Kith  a  nlndblast  protection  asseably.  High  axial-force  (drag)  and 
pltchlng-aoaent  coefficients  Here  aeasured.  At  the  designed  trla  position  of  30 
degrees,  the  Increase  In  aagnltude  of  the  axial-force  and  pltchlng-aoaent  coefficients 
Here  approxlaately  60  and  150  percent,  respectively,  at  a  Mach  nuaber  of  0.6.  The 
aagnltude  of  the  axial-force  coefficient  as  veil  as  the  norasl-force  coefficient 
Increase  Kith  Increasing  Mach  nuaber  up  to  approxlaately  Mach  1.3  (as  much  as  0.4  for 
the  axial-force  coefficient).  Above  Mach  1.3,  both  force  coefficients  reaaln 
essentially  constant  vlth  Increasing  Mach  nuaber.  For  typical  open  ejection  seat 
configurations,  the  aaxlaua  axial-  (drag)  and  noraal-  (lift)  force  coefficients  are 
obtained  at  angles  of  attack  at  uhlch  the  largest  model-projecteM  trees  aost  closely 
align  Kith  the  corresponding  force  directions.  These  are  usually  zero  degrees  for  the 
axial-force  coefficient  and  90  degrees  for  the  normal-force  coefficient.  Honever,  vlth 
the  CREST  ejection  seat  configuration,  the  aaxlaua  axial-force  coefficient  occurred  at 
an  angle  of  attack  of  -20  degrees.  The  drag  decrease  vlth  angle  of  attack  Is  largely  a 
result  of  the  continual  reduction  In  frontal  area  opposing  the  freestreaa  velocity. 

Of  greater  Importance  to  the  stability  characteristics  of  the  CREST  seat  design  Is 
the  100  percent  Increase  In  pltchlng-aoaent  coefficient  over  the  Mach  number  range  from 
0.6  to  3.0  In  the  vicinity  of  zero  degrees  angle  of  attack  (Figure  6).  Since  a  large 
portion  of  the  aoaent  changes  occur  at  speeds  above  Mach  1.5,  shock  wave  formations  are 
a  potential  hazard.  At  the  design  trim  angle  of  30  degrees,  honever,  the 
pltchlng-aoaent  coefficient  exhibits  significant  decreases  vlth  Increasing  Mach  number. 
This  pltchlng-aoaent  characteristic  aeans  the  control  system  Inputs  and  propulsion 
could  vary  significantly  depending  on  the  Initial  conditions  at  the  time  of  ejection 
Initiation. 

The  lateral /d 1  recti onal  (yen,  yanlng-aoaent  and  rol 1 1 ng-aoaent )  aerodynaalc 
coefficients  nere  sensitive  to  changes  In  yan  angle  only  slightly  at  Ion  Mach  numbers 
and  negligibly  at  higher  Mach  nuabers.  The  coefficients  Increased  vlth  increasing  Mach 
nuaber  up  to  Mach  1.2.  Above  Mach  1.2,  these  coefficients  generally  decreased  vlth 
Increasing  Mach  nuaber.  The  yan  and  yanlng-moment  coefficient  Increased  with 
Increasing  yan  angle.  The  rolling  aoaent  was  nearly  constant  vlth  yan  angle  to 
approxlaately  10  degrees  before  Increasing  vlth  further  yan  angle  Increases. 

The  head  loads  measured  nere  veil  nlthln  the  nlndblast  design  requirements  for  the 
entire  range  of  seat  attitudes  and  Mach  numbers  tested.  HoKever,  the  forces  acting  on 
the  head  of  the  model  In  the  fore  and  aft  directions  changed  considerably  vlth  angle  of 
attack  (alpha)  and  Mach  nuaber.  The  aagnltude  of  the  force  vas  measured  to  be 
approxlaately  the  sane  as  uhat  Mould  be  expected  If  no  vlndblast  protection  assembly 
vere  added  to  the  seat.  Hovever,  the  line  of  action  of  the  force  vlth  the  vlndblast 
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protection  asseably  »es  In  the  opposite  direction.  Pressure  data  neasurad  In  the  araa 
Of  tn«  head  Indicate  stagnation  pressures  behind  the  head  Put  last  than  stagnation 
pressures  on  tha  front  of  tha  haad  resulting  In  a  nat  forward  forca.  Tha  largest 
variances  warn  Matured  at  zaro  and  40  degrees  angle  of  attack  for  tha  lover  and  higher 
Hach  nuabers,  respectively  (Figure  7). 

Serious  haad  oscillations  could  occur  as  a  result  of  those  negative  forces  pulling 
tha  haad  forvard  off  tha  headrest  and  eaay  froa  tha  floo-stagnatlon  bonnet.  Once  tha 
haad  Is  pulled  off  tha  headrest,  large  positive  pressures  develop  on  the  head  and 
halaat  coablnatlon  and  forca  It  back  Into  tha  bonnet  and  headrest.  Once  tha  head  1$ 
back  althln  tha  bonnet,  tha  process  Is  rapaatad  (11). 


SEAT  ANGLE  OF  ATTACH  (DEGREES) 

FIGURE  6.  PITCHING  NOHENT  COEFFICIENT  VS.  ANGLE  OF  ATTACH 
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FIGURE  7a.  HEAO  AXIAL  FORCE  AREA  *S.  ANGLE  OF  ATTACH 


HEAD  LIFT  FORCE  AREA  («*) 
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CHEST  MUDIUST  TESTS 

Four  ulndblast  tost  torlos  using  tbs  CHEST  ulndblast  assaably  uort  eonductod  by 
losing.  Tbs  first  snd  third  ssrlss,  sccospllshsd  at  tbs  Dayton  T.  Iroun  Ulndblast  Tsst 
Facility,  evaluated  tbs  structural  Intsgrlty  of  tbs  ssat  and  ulndblast  asiaibly  and 
■sasursd  tbs  asrodynaslc  loads  acting  on  tbs  sanlkln's  bsad  and  nsck.  Tbs  sacond 
ssrlss  uas  accospllshsd  using  tbs  saas  tsst  artlclas  ultb  ths  F-16A  forsbody  for 
rsallstlc  flou  simulation  Impinging  tbs  crauaaabsr  and  ssat.  Tbs  fourth  ssrlss  uas 
conductad  at  tbs  losing  Transonic  Ulndblast  Ssnsrator  Systaa.  Tbsss  ulndblast  tssts 
usrs  conductad  to  dsaonstrats  tbs  sfflcacy  of  configuration  cbangss  to  tbs  ssat 
structurs  and  ulndblast  asssably  that  usrs  required  aftsr  tbs  first  thras  tsst  ssrlss. 

A  forsbody  uas  not  ussd  for  tbsss  tssts. 

Tbs  ulndblast  asssably,  manikin  and  ssat  that  usra  tsstsd  varlsd  slightly  froa  tbs 
seals  aodsl  tsstsd  In  tbs  ulnd  tunnsl.  First,  tbs  aodsl  ussd  In  tbs  ulnd  tunnsl  uas  a 
half-seals  50th  psrcsntlls  ersuasabsr  and  abaction  ssat.  Tbs  exterior  uas  aads  of 
saootb  ftbarglass,  and  clothing  and  flight  gsar  usrs  not  slaulatad.  For  tbs  ulndblast 
tssts  at  Dayton  T.  Iroun  and  losing,  a  full-seals  manikin  ultb  flight  gsar  uas  tsstsd 
In  a  full-seals  ejection  ssat.  Tbs  ssat  uas  coaptsts  ultb  tbs  Instsp  anti-rotation 
panats  attaebsd. 

Tbs  tssts  that  usrs  conductad  at  Dayton  T,  Iroun  facility  ussd  a  controlled  rslsass 
of  stored,  coaprssssd  air  to  slaulata  tbs  ulndblast  environment.  Tbs  planned  test 
speeds  usrs  400,  S00,  600  and  700  TEAS.  A  calibration  run  of  350  tEAS  uas  conducted 
for  Instrumentation  verification. 

Significant  failures  plagued  the  first  tbras  ssrlss  of  tssts  and  prsvsntsd  any  of 
tbsa  froa  reaching  completion.  Runs  of  600  and  700  TEAS  usra  aads  In  tbs  first  series 
before  Instrumentation  difficulties  and  structural  Inadequacies  stopped  the  testing. 

Tbs  second  series  featured  the  F-16A  forebody  section  ultb  the  seat  placed  In  one  of 
tuo  locations.  Tbe  first  position  tested  mas  all  tbs  may  Into  the  cockpit;  the  test 
velocity  uas  600  REAS,  and  no  significant  failures  mars  observed.  Tbs  second  position 
uas  placed  to  represent  tns  completion  of  the  catapult  stroka,  approximately  40  Inches 
above  ths  previously  tested  location.  In  this  position,  the  manikin  and  seat  mere 
Impacted  ultb  tns  full  blast  of  tbs  700  REAS  ulndstraam.  Uhen  ths  condensation  fog 
cleared,  tbs  right  and  left  sides  of  tbs  seat  bucket.  Including  tbs  foot  anti-rotation 
panels  to  aft  of  tbs  ejection  bandies,  bad  been  ripped  auay.  both  legs  mere  rotated  90 
degress  outboard  and  mere  broken.  Tbs  right  leg  uas  broken  at  the  knee  and  tbs  left 
leg  uas  broken  at  tbs  thigh.  Testing  uas  suspended  until  structural  redesign  could  be 
accomplished. 

Five  tssts  usrs  again  planned  for  tbs  nest  series  of  tests.  Lou  speed  runs  of  350, 
SOO  and  600  REAS  mould  ba  ussd  to  Identify  potential  problem  areas  for  tbs  ssat 
structure  and  to  checkout  tbs  Instrumentation  prior  to  tbs  700  REAS  tsst.  A  4S0  REAS, 
20  degree  yarn  tsst  uould  be  accomplished  aftsr  tbs  completion  of  tbs  high-speed  run. 
Ourlng  tbs  SOO  and  tbs  600  (620  actual}  REAS  tests,  tbs  manikin's  bead  rotated  to  tbs 
right  approilnatsly  70  to  10  degress,  and  10  degress  deunuard.  Rotation  mss  mors 
pronounced  during  tbs  620  REAS  test,  bead  rotation  uas  not  observed  during  ths  ISO 
REAS  calibration  run.  Tbs  bsad  rotation  In  tbs  high-speed  runs  caused  tbe  bsad  to 
partially  leave  tbe  flou-stagnatlon  bonnet.  Tbe  manikin's  oaygen  mask  and  hose  mere 
pulled  off  ths  face  of  tbs  manikin  aftsr  tbs  bsad  rotated.  This  uas  not  observed 
during  tbs  SOO  REAS  test.  Iscauss  of  these  observations,  tbs  last  tuo  runs  usrs  not 
attempted. 

Tbs  fins!  series  uas  sore  successful.  Runs  of  600,  700  and  4S0  REAS  mere 
completed.  Tbs  4S0  REAS  tsst  mas  run  at  a  yarn  angle  of  20  degrees;  venting  mat  added 
to  tbs  f lou-stagnat*on  bonnet  to  reduce  tbe  stagnation  pressure  region  behind  tbs  bead 
and  thereby  reduce  tbs  foruard  acting  force  on  tbs  bsad.  Tbs  forces  asassrsd  on  tbs 
bsad  during  tbs  70D  (7SO  actual)  REAS  test  are  snoun  In  Figure  I.  bo  adverse  effects 
usrs  observed  on  tbs  4S0  REAS  test  and  there  usrs  no  structural  failures  during  this 
test  series. 

OlSCUSSIOb  AbO  CObCLUSlObS 

Tbs  final  evidence  Indicates  that  there  may  be  bops  for  tbs  crewmember  trapped  In 
George  Smith's  dilemma.  Laboratory  testing,  both  In  concept  feasibility  studies  and 
applications  testing,  shoes  potential  for  decreasing  tbs  aerodynamic  loading  occurring 
on  tbs  body  segments  of  ejecting  ersumsmbers.  This  should  translate  lute  reductions  In 
ulndblast  Injurlas.  Nousvsr,  this  reduction  may  be  snderalned  to  an  enknoun  degree  by 
cbangss  In  configuration  or  other  alterations  tn  tbs  fleufleld  surrounding  tbs 
cresneaber. 

In  theory,  once  tbe  creumeaber's  limbs  are  ulthtn  tbs  region  of  elrfleu  stagnation, 
tbe  large  disparity  bstussn  forces  is  eliminated.  Reducing  this  In  practice  has  beau 
difficult  to  accomplish.  Tbs  original  model  test  data  thou  tbe  most  effective  teat 
attitudes  for  tbe  concept  are  coincident  ultb  tbs  maximum  drag  attitudes  of  tbs  ssat. 
These  angles  are  not  acceptable  for  a  flying  trim  position  because  human  deceleration 
tolerance  uould  be  eicsedsd  and/or  propellant  requirements  uould  be  prohibitive. 
Trimming  tbe  seat  at  more  extreme  angles  brings  tolerance  ultbln  acceptable  boundaries 
but  causes  tbe  stagnation  areas  ultbln  tbs  fence  to  change  such  that  farces  nou  act  to 
dislodge  tbe  limbs  froa  tbe  ulndblast  protection  assembly.  This  became  evident  during 


ffPUPPi® 


10-10 


i  th*  CREST  alnd  tunnel  md  wlndblast  tests  with  the  fore  ind  eft  force  acting  on  the 

)  heed.  The  flow-stagnation  concept  wes  also  sensitive  to  configuration.  The  degree  of 

!  ;  protection  end  aerodynamic  properties  were  chenged  si gnl f 1  cent ly  with  chenges  In 

!  :  configuration.  Aerodynaalc  dreg  wes  reduced  when  venting  holes  were  added  to  fence 

design.  Head  loads  were  likewise  lessened  during  CREST  wlndblast  tests. 

:  ;  The  battle  cry  of  the  experimental  1 sts  Is  being  shouted:  aore  tests  are  required 

1  for  coapletely  successful  Implementation  of  the  flow-stagnation  concept.  Forebody 

i  effects  have  yet  to  be  defined.  These  effects  Include  not  only  a  flowfteld  that  is 

{  possibly  higher  In  magnitude  but  also  one  that  Is  varying  In  direction.  Also,  no 

attempts  have  been  made  to  quantify  the  aerodynaalc  coefficients  of  the  ejection  seat 
with  the  flow-stagnation  fence  as  It  emerges  from  the  cockpit. 

i  The  flow-stagnation  concept  Is  a  solution  to  wlndblast  protection  that  Is 

!  configuration  dependent.  If  research  and  development  Is  fully  supportive,  then 

flow-stagnetlon  designs  should  closely  resemble  the  configurations  that  are  planned  for 
eventual  use.  The  CREST  configuration  was  based  on  the  requirements  to  limit  the  net 
forces  acting  on  the  head  and  to  provide  overall  wlndblast  protection  for  the 
crewmember.  Although  the  design  does  not  reflect  that  which  was  tested  In  the 
laboratory.  It  appears  to  have  met  the  stated  requirements  and  remains  a  simple, 
passive  approach  to  providing  wlndblast  protection  for  advanced  ejection  seats. 
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FISURE  a.  crest  piroblast  TEST  SCRIES  IV  ME  AO  LOAOS 
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CONTROLLABLE  PROPULSION  FOR  ESCAPE  SYSTEMS  CONTROL 


A.  Blair  McDmld 
Pea  gin  Aircraft  Company 
3BS5  Lakewood  Boulevard 
Loaf  Beach,  Ollloraie  M84S,  USA 

SUMMARY 

Current  escape  systems  for  military  aircraft  use  solid- grain  rockets  for  propulsion.  These  provide  a  fixed  level  of  thrust 
for  a  fixed  period  of  time.  Since  the  escape  system  has  to  function  over  a  wide  range  of  conditions,  this  approach  is  a  compro¬ 
mise.  Significant  improvements  in  escape  capability  could  be  achieved  by  introducing  a  propulsion  system  in  which  the  thrust- 
time  profile  could  be  varied  to  suit  the  circumstances  of  eadi  emergency.  The  technology  now  exists  to  introduce  a  fully  control- 
labte  propulsion  system.  Such  a  system  would  not  only  provide  a  variable  thrust-rime  profile  but  would  also  permit  the 
propulsion  system  to  provide  stabilization,  to  control  the  forces  applied  to  the  crew  member,  and  to  control  the  escape  trajec¬ 
tory.  These  capabilities  would  allow  improved  system  operation  throughout  an  espanded  escape  envelope.  The  technology 
far  a  fully  controllable  propulsion  system  has  already  been  demonstrated  in  a  development  program. 

INTRODUCTION 

Douglas  Aircraft  Company,  in  conjunction  with  TRW  Inc  and  McDonnell  Douglas  Astronautics  Company,  has  been 
working  on  the  development  of  a  controllable  propulsion  system  for  escape  systems  in  military  aircraft  This  type  of  propulsion 
system  has  very  significant  implications  for  future  expansion  of  aircrew  escape  envelopes  and  for  additional  capabilities  that 
promise  to  enhance  the  probability  of  successful  escape.  Douglas  has  demonstrated  the  advanced  technology  needed  to  estab¬ 
lish  the  feasibility  of  the  approach. 

DISCUSSION 

Current  escape  systems  use  solid-grain  sustainer  rockets  to  propel  the  ejected  crew  member  away  from  the  aircraft  These 
rockets,  by  virtue  of  their  design,  deliver  a  fixed  impulse  every  time  they  are  used,  regardless  of  the  circumstances  of  the  emer¬ 
gency.  The  characteristics  of  the  sustainer  rocket  are  therefore  usually  determined  by  the  maximum  impulse  requirements. 
Typically,  this  would  be  the  impulse  required  for  tail  clearance  at  high  speed  or  for  adequate  height  for  the  parachute  to  open 
in  an  ejection  at  aero  altitude  and  zero  speed.  In  other  circumstances,  this  impulse  can  either  be  helpful  —  if  the  aircraft  is 
level  bur  sinking,  dose  to  the  ground  —  or  harmful,  if  the  same  aircraft  happens  to  be  inverted  dose  to  the  ground. 

In  contrast,  s  controllable  propulsion  system  can  be  varied  to  provide  the  thrust-time  profile  which  is  desirable  fur  a  partic¬ 
ular  set  of  emergency  circumstances,  and  it  can  also  be  used  to  perform  a  range  of  other  tasks  that  enhance  and  expand  the 
capability  of  the  system.  For  instance,  the  system  might  be  used  to  stabilize  the  seat  and  crew  member;  control  acceleration, 
thrust  vector,  and  the  trajectory;  and  shape  the  trajectory  to  avoid  the  ground. 

The  controllable  propulsion  system  with  the  potential  to  perform  these  tasks  is  composed  of  the  sensor,  controller,  and 
propulsion  subsystems. 

Propulsion  subsystem  technology  that  is  acceptable  for  escape  systems  has  proven  difficult  to  acquire.  Controllable  propul¬ 
sion  systems  have  existed  for  many  years,  a  prime  example  being  the  system  which  enabled  the  Lunar  Lander  to  make  a  con¬ 
trolled  descent  to  the  surface  of  the  moon.  However,  this  feat  was  achieved  using  liquid  propellant  rockets,  which  have  nor 
been  seriously  considered  for  escape  systems  for  safety  reasons.  The  controllable  propulsion  system  that  is  fully  compatible 
with  an  escape  system  was  made  possible  by  the  development  of  gelled  propellants. 

GELLED  PROPELLANTS 

Gelled  propellants,  as  the  name  implies,  are  liquid  propellants  that  have  been  transformed  into  gels.  In  the  gelled  form, 
these  propellants  retain  the  operational  characteristics  of  liquid  propellants  but  their  characteristics  with  regard  to  safety  and 
handling  are  equal  or  superior  to  those  of  solid-grain  propellants. 

The  gelled  fuel  and  gelled  oxidizer  are  vital  to  the  operation  of  the  controllable  propulsion  system  because  they  are  thixo¬ 
tropic  (i.e„  solids  that  liquefy  when  a  shear  force  is  applied)  and  hypergoiic  (i.e.,  materials  that  combust  spontaneously  when 
mixed  together). 

In  a  propulsion  system,  the  gelled  propellants  are  pressure-fed  through  valves  into  the  combustion  chamber  of  a  rocket 
engine,  where  they  spontaneously  ignite  and  generate  thrust  These  engines,  like  their  liquid  propellant  counterparts,  have 
two  operational  features  that  make  them  ideal  for  use  in  a  controllable  propulsion  system.  First  tbe  valves  can  be  turned  on 
and  off  to  control  the  flow  of  tbe  propellants,  and  therefore  the  thrust  Second,  the  valves  can  be  designed  to  control  the  flow 
of  the  propellants  and  thus  vary  the  thrust  down  to  a  small  fraction  of  the  full-flow  value.  Another  important  feature  is  that 
tbe  control  valves  can  operate  very  rapidly.  For  example,  the  engine  that  has  been  designed  and  tested  in  the  Douglar  program 
can  be  turned  on,  the  thrust  increased  to  90  percent  of  maximum,  and  the  engine  turned  off  again  —  all  in  an  elapsed  time 
of  8  millisecoods. 
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nOfULSON  SUBSYSTEM 

The  controls  hie  propulsion  subsystem  basically  provide*  thrust  to  propel  the  crew  member  away  from  the  aircraft  end 
provide*  moment*  to  control  Kit  attitude.  If  the  subsytam  can  perform  theae  two  talk*  simultaneously  sod  can  be  turned  on 
and  o ft  then,  given  sufficient  thrust  and  impulse,  it  can  alto  provide  a  trajectory  that  will  dear  the  tad  of  the  aircraft,  avoid 
other  crew  member*,  and  help  to  avoid  premature  contact  with  the  ground;  keep  the  force*  on  the  crew  member  within  aelected 
human  tolerance  limits;  provide  a  thrust-dme  profile  tailored  to  the  ejection  condition*,  and  perhaps  fslfiH  other  requirements. 
Aaimpie  schematic  ofa  propulsion  subsystem  that  can  perform  these  task*  ii  shown  in  Figure  I.  In  this  system,  a  gaa  generator 
forces  gelled  fuel  and  asidizer  from  storage  tanks  to  four  engines.  The  flow  of  fuel  and  otidizer  to  each  engine  b  controlled 
by  valves  mounted  on  the  individuil  engines.  When  the  four  engines  are  snanged  on  an  ejection  seat  so  that  their  thrust  vectors 
are  offset  from  the  center  of  gravity,  is  shown  in  Figure  2,  then  the  overall  thrust  and  rotadoaal  momenta  in  pitch  and  yaw 
can  be  controlled  simply  by  controlling  the  relative  thrust  of  each  engine.  Roll  momenta  can  also  be  handled  by  ikewing  the 
thrust  vectors  or  by  adding  mote  engines.  However,  rail  control  b  essential  only  for  the  mod  ambtboue  requirements  such 
as  ground  avoidance. 
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Figure  1.  Erapulsinn  tubeyemm  flohamHc 
CONTROLLABLE  FtOTULSKM  SYSTEM 

The  courmflabie  propulsion  rystem  consists  of  three  subeyssems;  sensors,  svsomcs,  and  prnpuhins  Although  the  capubib- 
des  of  a  cootroUabie  propulsion  system  may  vary  widely,  they  are  primarily  a  funcbon  of  the  scaurs  sad,  to  a  lesser  degree, 
of  the  avionics  It  appears  that  the  propulsion  subsystem  should  operate  in  essentially  the  same  manner  regardkes  of  the  overall 
system  design.  It  b  therefore  convenient  to  describe  the  operation  of  the  controllable  propulsion  system  by  reference  to  the 
role  it  would  play  la  a  high-speed  escape. 

In  an  ejection,  a  catapult  will  provide  the  initial  movement  up  the  cockpit  guideraib  and  the  controllable  propulsion  aydcea 
wiD  take  over  following  catapult  separation.  As  the  seat  emerges  from  the  cockpit  and  becomes  a  free  body,  the  microproc¬ 
essor.  as  shown  in  Figure  3.  will  use  the  sensor  data  to  generate  commands  to  each  of  the  engines.  These  commands  ere  based 
on  computations  of  trajectories  and  forces  and  are  selected  to  achieve  a  satisfactory  trajectory  using  force*  which  are  within 
the  appropriate  human  tolerance  limits. 

A  most  important  factor  in  the  computational  process  b  seat  attitude  since  thb  affects  the  thrust  vector,  the  magnitude 
of  the  aerodynamic  coefficients,  and  the  direction  of  the  aerodynamic  forces  on  the  crew  member. 

Another  factor  b  the  selection  of  priorities  Since  all  four  engines  are  playing  a  part  in  sunuhanenusly  coneroffing  the  total 
thrust,  the  thrust  vector,  the  yaw  moment,  and  the  pitch  moment  the  available  thrust  of  each  engine  must  be  allocated  to  the 
tasks  in  p.oportioo  to  their  importance  in  the  overall  success  of  the  escape.  Our  experience  indicates  that  yew  control  usually 
rates  the  highest  priority,  with  pitch  control  a  dose  second. 


Figure  2.  Rockat  Engine  Arrang«nan« 


nguaS.  tktanMh! ol ConMoMa l^eguWoa Syatam 

la  ja  ejection  at  wry  high  qseed,  the  aerodynamic  forces  ire  also  very  high,  and  angular  motion  o< the  teat  mat  be  con¬ 
trolled  if  tmbting  ■  to  be  avoided.  The  cyde  time  between  sensing  and  applying  the  selected  engine  settings  should  therefore 
be  short  enough  to  maintain  atability  without  violent  oetiUlO'int.  In  the  system  we  have  developed,  the  engine  cooimanda  are 
updated  every  10  milliseconds. 

There  are  two  wsys  in  which  the  engine  can  be  designed  to  respood  to  a  thrust  command.  For  example,  if,  for  one  of  the 
10-uillisecond  control  periods,  the  microprocessor  requires  an  engine  to  produce  half  of  its  full  thrust,  the  engine  could  either 
be  turned  on  full  drat  for  5  milliseconds  or  be  throttled  at  half  thrust  for  10  milliseconds.  The  engine  design  we  have  demon¬ 
strated  uses  the  on-off  approach. 

The  operation  of  a  controllable  propulsion  system  in  an  escape  at  800  keas  is  illustrated  in  Figures  4  through  6.  Figure  4 
shows  a  sequence  of  engine  thrust  commands  together  with  the  actual  thrust  profile  for  one  engine  over  a  120-millisecood 
period.  The  performance  of  the  system  relative  to  the  selected  human  tolerance  limits  is  illustrated  in  Figure  5.  The  risk  levels 
shown  on  this  plot  are  approximations  of  the  levels  derived  from  Brinkley.* 

An  ejection  from  an  aircraft  at  800  keas  is  considered  a  “high  risk"  situation  and  therefore  the  plot  indicate*  that  the  forces 
imposed  oil  the  crew  member  were  satisfactorily  below  the  limit  Airing  this  period. 

Figure  6  shows  the  seat  trajectory  relative  to  the  aircraft  and  illustrates  the  changing  engine  thrust  fowls. 
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Figure  S.  Dynamic  Response  Radical 


CONTROLLABLE  PROPULSION  -  GROWTH  CAPABILITIES 

A  control  La  We  propulsion  system  will  permit  the  escape  system  to  provide  capabilities  that  are  difficult  to  achieve  with 
conventional  propulsion  systems.  The  most  important  of  these  are  'upward  seeking'  and  “threat  assessment'  features.  Both 
of  these  concepts  have  significant  implications  for  future  escape  systems. 

Upward  Seeking 

With  upward  seeking  features,  the  controllable  propulsion  system  is  used  to  achieve  a  trajectory  in  which  the  seat  and 
occupant  are  steered  upward  so  that  they  are  away  from  the  ground.  In  order  to  execute  an  upward  seeking,  or  ground  avoid¬ 
ance,  maneuver,  the  propulsion  controller  needs  to  know  in  which  direction  the  ground  lies  Also,  if  this  capability  a  reserved 
for  use  when  the  ground  is  to  near  that  it  could  be  life-threatening,  then  the  controller  will  need  to  know  hcnr  Ear  away  the 
ground  it  and  whether  or  nor  the  seat  is  traveling  toward  it.  Although  some  of  this  information  may  be  difficult  to  acquire, 
none  of  the  problems  appear  to  be  insurmountable. 

The  use  of  the  propulsion  system  to  reverse  the  downward  motion  of  the  seat  has  the  potential,  as  illustrated  in  Figure  7, 
of  achieving  dramatic  improvements  in  performance  under  high-sink-rale  or  dive  conditions. 
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Although  an  upward  seeking  system  could  be  effective  throughout  the  speed  range,  the  impulse  required  to  reverse  the 
direction  of  motion  becomes  prohibitive  at  high  downward  speeds.  However,  as  most  low-altitude  escapes  are  in  the  low-speed 
portion  of  the  envelope,  the  upward  seeking  approach  couid  significantly  reduce  the  number  of  unsuccessful  “out-of-the-enve- 
lope"  escapes. 

Threat  Assessment 

In  current  escape  systems,  the  acceleration  forces  on  the  crew  member  are  allowed  to  be  relatively  high  because  this  may 
save  his  life.  However,  they  must  not  be  so  high  that  they  produce  an  unacceptable  incidence  of  ejection  injuries  In  a  system 
with  a  “threat  assessment”  capability,  the  system  would  use  sensors  to  provide  information  on  the  magnitude  of  the  threat  to 
the  crew  member’s  life.  Once  this  has  been  established,  the  system  would  control  the  forces  imposed  on  the  crew  member, 
including  the  propulsion  forces,  in  relation  to  the  threat 

A  threat  assessment  capability  therefore  has  the  potential  for  achieving  both  an  increase  in  the  success  rate  and  a  reckictkm 
in  the  incidence  of  unwarranted  ejection  injuries. 
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STATUS 

la  the  Douglas  controllable  propula oo  program,  a  demonstration  propulsion  subsystem  has  beta  designed  and  toted. 
That  effort  included  development  testing  of  the  gas  generator  and  gel  propellant  engines.  The  component  testa  were  followed 
by  the  suomuful  test  firing  of  a  complete  propulsion  subsystem  in  which  four  engines  performed  a  high-speed  ejection  duty 
cycle. 

OTHER  ESCAPE  SYSTEM  APPLICATIONS 

In  the  preceding  text,  the  controllable  propulsion  system  has  been  linked  to  “escape  symtae."  Although  only  ejection  seats 
were  yecifically  identified,  it  is  apparent  that  capsule  escape  systems  would  also  benefit  from  the  ueeofa  controllable  propul¬ 
sion  qaaem.  Also,  a  controllable  propulsion  system  in  a  capsule  would  provide  the  option  of  reactivating  the  propuhion  system 
to  reduce  the  forces  associated  with  ground  impact, 

CONCLUSIONS 

Development  of  the  key  rocket  propellant  and  engine  technology  should  enable  a  controllable  propulsion  system  to  be 
intmAwH  in  replace  soBd-grain  systems  m  forinw  escape  eyetemu  This  development  could  result  in  a  major  improvement  in 
future  escape  system  capability  at  high  greeds,  and  at  low  altitudes,  and  in  a  reduced  probaMity  of  ejection  injuries  throughout 
the  entire  escape  envelope. 


12-1 


EXI0EXCS3  DO  3CAPHAHDRK  DC  FHOTSCTIOS  DC 
L'EOTIPAQE  D'BERKS3 


L.  Slnlooesoo  -  C.  fagot 

At lon»  Haroal  Dassault  •  Breguet  Aviation 
78,  qual  Haroal  Dassault  -  92214  Saint-Cloud  -  FKAXCI 


USUME 

Dana  aa  configuration  aotualla,  1'avlon  apatlal  HERMES  aat  Aqulpe  d'uca  oapaula 
Ajeotable  pressurlaAe  deatinAe  A  aaaurar  la  sauvegarde  da  l'Aquipage  au  ooura  daa  pha- 
aaa  critiques  du  lanoaaant  at  da  la  rantrAa  atnoaphArique.  Capabla  d'opArer  dana  un  do- 
aalna  trAa  raata  (Jusqu'A  X  i  7,  1  ■  (0  a)  InposA  par  laa  performances  du  lanoaur,  la 
oapaula  proouro  A  l'aqulpaga  da  3  apatloaautaa  laa  protactlona  phyalologlquaa  nAoes- 
aalraa  da pula  l'AJectlon  Juaqu'A  l'attarrlaaaga  ou  l'aaarrlaaaga.  Capandant,  la  part# 
da  praaaurlaatlon  aooldantalla  da  la  oablna  d' HERMES  raata  un  AvAnement  redoutA  qul  na 
paut  ttra  AaartA,  oa  qul  lapoaa  A  l'Aqulpaga  la  port  prAventlf  da  aoaphandraa  da  proteo- 
tlon  lndlvldoalla.  DAdultea  da  l'analysa  daa  alaalona  at  daa  AvAneaenta  redoutea,  laa 
fonotlona  du  aoaphandra  aont  dAorltaa  at  JuatifiAes  par  lea  limitations  phyalologlquaa 
qu' alias  ooopanaant  at  par  las  oontraintas  opAratlonnellaa  rencontrAea.  Raata  1’lntA- 
gration  du  syatAaa  aoaphandra  dana  1' avion  spatial  i  aala  ooncarna  auaal  blan  1'lntA- 
gration  physique  avao  la  determination  daa  lntarfaoaa  quo  l'lnsartlon  daa  prooAdurea 
d'utlllaatlon  dans  laa  aoAnarios  da  mission  noalcaux  at  da  saoours. 


IMTRODOCTIOK 

Laa  Informations  oontanuaa  dana  oat  artlola  aont  lsauaa  d'una  Atuda  rAallsAa  pour 
la  coapta  da  l'Aganoa  Spatlala  BuropAanne  avao  la  collaboration  da  la  soolAtA  DORMIER, 
at  d'una  Atuda  prAllalnalre  effeotuAe  pour  la  CUES. 

Dana  aa  dAflnltlon  aotualla,  1'avlon  apatlal  HERMES,  ala  an  orblta  par  la  lanoaur 
ARIAKE  5,  a  pour  prinolpala  mission  d'ammener  un  Aquipaga  da  3  spatlonautes,  do  s’aceos- 
tar  A  un  module  orbital  pour  an  affaotuar  la  dasaarts  puls  d'axAoutar  une  rantrAa  atmos- 
phArlque  non  propulsAe  tarmlnAa  par  un  attarrlaaage  horizontal.  Biao  qua  la  phase 
d'Atuda,  aotuallamant  an  ooura,  oonduisa  A  un  grand  nombre  la  configurations  potential- 
las,  laa  AlAments  dAtarmlnanta  pour  la  aAourltA  at  la  sau/sgarde  da  l'aqulpaga  aont  A 
pau  prAa  oonnua,  pulaqua  dAtarminAa  par  las  parformanoea  cu  lanoaur,  las  trajectolres 
do  lancemant  at  da  rantrAa.  L'analysa  das  risquas  anoourus  au  ooura  das  phases  atmosphA- 
rlques  a  permla  da  oonoluro  A  la  neoassltA  d'un  systems  do  sauvetage,  oomne  an  dlsposent 
d'alllaura  las  programmes  analogues,  at  oa  partiouliAramant  depuis  l'aocldent  da  Chal¬ 
lenger  . 

Pour  Atre  eff loses,  la  systAaa  da  sauvataga  dolt  oouvrlr  un  domains  da  vol  suffl- 
rant,  tout  an  garantisaant  aa  crAdlbilltA,  at  oeol  dans  ur.  contexts  da  trAs  fortes  con- 
tralntas  sur  las  masses.  La  oompromls  retenu  A  oa  Jour  oonslsts  A  oouvrlr  la  totalitA  da 
la  phase  la  plus  critique  ■  la  pArlode  da  fonotlonnemant  das  propulseurs  A  poudre  au 
ooura  du  lanoaaant.  Pour  y  parvanlr  la  solution  aabitleuse  d'una  cabins  Ajaotable  pres- 
aurlsAa  a  AtA  ebolsle  pour  1'avlon  do  rAfArance  oalgrA  un  Avldent  handicap  do  masse. 
Cool  reprAaenta  un  dAfi  teohnologique  aajaur  an  raison  da  l’Atendue  du  domains  d'AJeo- 
tion  (M  *  7,  2  «  60  km). 

Etant  donnA  qua  la  parts  da  pressurlsatlon  aocidentells  da  la  oablna  est  un  AvAne- 
mont  catastrophlqua  qul  na  paut  Atre  re  jet  A,  survenant  notasaant  au  oours  da  la  sAquence 
d'AJaotlon,  la  aurvia  da  l'Aquipage  passa  par  une  protection  physlologlque  indivlduelle 
aasurant  la  maintien  da  la  preaalon  at  la  fournlture  d' atmosphere  respirable  >  d’ou  un 
aoaphandra  oonqu  ooame  un  equlpement  de  saoours  ultima.  Dans  la  reoherche  d'un  autre 
oompromla  aasse/doealne  de  sauvetage,  d'autrss  dAmarches  visent  un  gain  da  masse  sya- 
tAme  en  rApartlsaant  las  fonotlons  de  sauvetage  entre  un  scaphandre  d'une  part  pour  tou- 
tes  las  fonotlons  de  support-vle  et  un  systAme  allAgA  d* autre  part  pour  lea  seules  fonc- 
tlons  d'AJaotlon. 

La  port  d'un  soaphandre  de  protection  Indivlduelle  s' impose  dona,  soit  dans  la 
oapaula  ajeotable  de  rAfArence  dent  11  oontrlbue  A  asseolr  la  orAdlbilitA,  soit  dans  un 
systAaa  d'AJaotlon  allAgA  dont  11  constltua  un  AlAaent  vital. 

Conpte  tanu  des  olroonstanoes  et  du  domains  d’AJaotlon  oonsldArAs,  le  soaphandre 
dolt  Atre  portA  prAventlveaent  par  l'Aquipage  de  aanlere  A  Atra  InstantanAaent  opAra- 
tlonnal  en  oaa  de  nAoessltA.  Alnsl  done,  aux  fonotlons  de  survle  dlmenslonnAes  par  les 
conditions  da  saoours  vlennent  s'ajouter  des  fonotlons  dont  le  but  est  d'autorlser 
1'usaga  du  soaphandre  dans  deo  conditions  de  vol  noninales  tout  en  alninlsant  les  oon- 
traintes  d'intAgration  dans  le  poste  de  pilotage.  Les  exigences  fondamentales  du  soa¬ 
phandre  aont  exprlmAes  en  termea  de  fonotlons  da  oontrSle  d'environnement  et  support- 
vle,  d'argonomle,  d'lnformatlon  et  communications.  Egalement  llAes  au  port  systAmatlque 
du  soaphandre  lors  des  phases  orltlques,  certaines  fonotlons,  dltes  intAgrAes,  sont 
mentloonAes  d'une  part  A  cause  de  la  sinultanAltA  de  leur  r.AoessltA  aveo  oelle  du  soa¬ 
phandre,  d'autra  part  parse  qua  le  soaphandre  oonstltue  un  support  d'intAgration  Judl- 
oleux. 
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Enfln,  laa  oontralntea  d’ lntdgratlon  spdolflques  d  1' avion  spatial  HERMES,  sont 
oonslddrdes  com  a  prdalablea  aux  eboix  da  solutions  techniques  eapablaa  d'aaaurar  laa 
focotiona  aentlonndea  plus  baut.  Css  oontralntea  aont  da  daux  ordraa,  las  Interfaces 
avec  l'aTlon  at  laa  procddures  d'utlllaatlaQ.  Li  saoora  uo  ooaproala  sat  l  trouver,  pro- 
pra  k  obaqua  configuration  da  vdhloule  at  profil  da  alsaioa,  aotra  la  part  d'lnterven- 
tlon  buaalna,  da  procedures ,  at  la  part  d'aatlsoa  autoaatiquas  rielladea  par  la  ayatbae 
aoapbandra  at  aaa  Interfaces  avso  la  vdhloule. 

coarionuTiof  o'hdmks 

Paaoriatlen  tdndrala 

la  ddpit  da  dlffdrenaea  antra  aonfiguratlSBa  poaalblaa  dsat  la  flgura  1  llluatre 
un  axaapla ,  l'avion  spatial  HERMES  ooaprend  trots  volussa  praasoriada  oo— una  aux  di- 

verses  versions. 

-  La  ospaula_i^aotabla  cooatltua  la  poata  da  pilotaga  d'HERMES  oi  las  trots  aaabraa 
d'iqulpag'a  "aont  lnatallia  lor*  das  pbaaaa  da  lanoaaant  at  da  rantrda .  L'aadnageaent  fi¬ 
nd  nil  da  la  oapaula  aat  prdaantd  aur  la  figura  2  (Rdf. 2).  11  ooaprand  laa  trols  aldgea, 
laa  oo— andea  da  pilotaga  d'HERMES,  daa  dquipaaanta  da  aupport-vie  at  d'avlonlque  at 
toua  laa  dquipaaaats  lias  k  la  aauaagarda  da  l'dquipaga.  La  oapaula  paraat  aprda  djeo- 
tioo  d'aaaurar  una  ddodldratlon  avant  I'lapaat,  las  fooetlona  da  protaotloo  at  d'attd- 
Buatloa  das  obooa,  la  aurvle  pandant  24  b,  la  flottabilita,  la  algBallaatloo  radio  at 
laa  oo— unlaatloaa. 

-  Le_voluae  central  aat  ooaposd  du  volune  daatlod  i  la  oharga  utlla  at  du  volune  ala  ou 
sont- sltuds  fas  diFfdrsnts  ooapoaants  du  systbaa  da  aupport-aia  at  da  oontrSla  da  l’en- 
alronnaaant  (ECLS3)  alnai  qua  das  dquipaaanta  d'aalonlqua. 

-  La  aaa  aart  1  l'aoada  k  una  station  apatlala  lorsqua  HERMES  aat  accostd  at  aux  sorties 
dans-l7eapace.  Loraqu'ils  na  sont  pas  utllisda,  las  soapbandraa  da  sortla  extra-vdhl- 
eulalraa  (EVA )  y  aont  stockds. 

Laa  oo— unlaationa  antra  laa  voluaea  presaurlads  a'affaotuaot  par  das  paasagas  dtrolts 
(diaadtra  800  — )  pouvant  it  re  obturds  afln  da  laa  lsolar.  L'aoeda  k  HERME3  pour  la 
lanoaaant  at  l'dvaauation  au  sol  aont  prdvus  au  niveau  du  poata  da  pilotaga  par  una 
ouverture  da  800  —  da  diaadtra. 


Figure  1  i  Exaapla  da  oonf lguratlon  d'HERMES 


Flgura  2  i  And  nag  seen  t  gdndrsl  da  la  capsule 


Fournlture  d'ataoaphirs/contrSle  daa  praaslons  at  cond 1 t 1 onnaaant  da  l'ataoapbdre 

La  fournlture  d'ataoaphdra  at  la  contrSla  das  pressiona  ainal  qua  la  condltlonne- 
aant  da  l’ataospbdra  font  partla  da  l'ECLSS.  Ils  assurant  la  maiotlan  dans  HERMES  d’una 
aablanoa  respirable  at  cllaatlsde  alallalre  aux  conditions  terrestres  i  prasslon  total* 
da  1013  hPa,  taux  d'oxygdne  da  21  1,  teapdrature  da  20  d  30*C,  bualdltd  relative  da  40  i 
60  f.  Las  prlnolpales  fonotlons  sont  donndes  ol-aprds. 


La  sous-ayatiae  da  fournlture  d'ataospLdrs  st  da  contrSle  das  prasslons  paraat  la 
fournlture  d'oxygdne  at  d'axota  pour  conpenser  la  conso— atlon  adtabollque  d'oxygdne  da 
l'dquipaga  at  las  partaa  d'ataoaphdra  (fuitas  structurales ,  opdratlocs  du  sas),  11  as¬ 
sure  la  regulation  das  prasslons  totals  st  partialis  d'oxygdne.  L'aliaentatlon  an  oxy- 
gdna  das  dquipaaanta  Individuals  ast  prdvue.  En  css  da  neeassltd,  las  voluaes  prasau¬ 
rlada  d'HERMES  peuvent  atra  ddprassurlsds  et/ou  rapressurlsds.  En  cas  da  perforation  da 
la  cabins  ou  defaillance  d'un  Joint,  una  provision  d'cxygdnt  at  d’axota  autorise  una 
preasurlsatlon  da  saocues  i  73c  SP*  (compensation  pendant  6  hauraa  d'une  fulta  par  un 
trou  da  diaadtra  dqulvalent  14—). 


La  sous-systdaa  da  oondltlonneaent  da  I’ataosphdrs  parsat  la  aaintian  d'une  an- 
blanoa  du  typa  "bras  da  oheaise*.  Sas  prlnolpales  fonotlons  sont  la  rdgulatlon  da  la 
teapdrature  at  oontrSla  da  l'hualdltd,  la  ventilation  at  circulation  da  l’alr,  la  rdgd- 
neration  da  l'ataosphdra  (dllalnatlon  da  C02,  da  CO,  das  contaalnants ,  das  pousstdres, 
das  ddbrla  at  das  odaurs),  Du  fait  da  la  ventilation,  una  oontaalnation  da  l'un  das 
voluaas  d'HERMES  sa  propagaralt  dsns  touts  la  xona  preasurlsde  d'BESMES.  La  ratour  A  das 
ooBdltloaa  salnas  axlgarait  dono  una  purge  coapl&te  du  vdhlcule  par  ddpraasurlaatloo 
sulvla  d'une  reprassurlsatlon  par  du  gax  proprs. 


ANALYSE  CCS  MISSIONS 


On*  Mission  typs  d'HENMES  ss  d«oospQS«  so  4  phssss  prlnolpales  i 

-  Preparation  su  lsnoessnt 

-  Laaoaaaat  <  fonetionnaaent  das  propulaaurs  i  poudra  Jusqu'i  t  a  120  a 
.  propulsion  par  l'Ataga  oryogAnique  aaul  jusqu'i  t  «  600  s 

lnsartlon  an  orblta 

-  Phasa  orbitsla 

-  Santraa  ■  toI  atsosphirlqua  (durAa  i  35  sinutaa) 

spprouba  finale  at  attarrlasaga  (duria  ■  5  alnutaa) 

HERMES  assure  la  sAeuritA  da  l'Aqulpaga  grade  1  la  protaotlon  oosbinAe  da  l'arlon 
spatial  lul-aiaa,  da  la  oapsule  at  das  radondanoaa  da  l'ECLSS.  Las  assures  prises  pour 
la  sauvegarde  da  l'Aqulpaga  -  aasuras  prAtantlYes,  interruption  da  la  alsslon,  rent raa 
da  seooura  at/ou  djeotlon  da  la  capsule  -  at  lea  conditions  opdratoires  assooieaa  pour 
fairs  face  aux  Avinaaants  redoutds  durant  las  diffdrentes  phases  da  la  alsslon  sont  ras- 
saabldas  dans  las  tableaux  lit*  Una  ddcoaprasalon  da  la  cabins  d'HESMSS  paut  a  t  re 
t sapors ire sent  coapansae  par  l'ECLSS,  salon  l'laportanca  da  la  fulta. 


cvecMDrrs  tootma 

POSSCMUm  OTYACUATIO*  AVAHT  LI 
LAMCfMZMT 

CONDmONI  AttOCJOS 

Anomeito*  de  fonctionnement 
incendto.  toudnotoment  expto- 
•ton 

Evacuation  IndMdueito  *1  it  menace  permet  un 
temp*  de  reaction  long 

Toboggan  (ou  equivalent),  equipage  tauf  en  10  a 

Ejection  de  to  capsule  el  to  sauvetage  da 
riquipege  Impose  une  reaction  Immediate 

Ambiance  4ventuellement  contamtode 

Temperature*  extreme*  :  bouto  de  feu 

Attentoaege  de  la  capeuto  dam  un  pdrt metre  de 

1  4  4  ton 

Tableau  1 


PHASES 

POSSJMJTVS  DC  SAUVfTAOC  LORS  OU 
LAMCEMEMT 

CONDmOHS  ASSOCtQS 

Proputoton  par  propufseurs  4 
poudre 
t  <  120  s 

M  <  7 

Altitude  <  80  ton 

Ejection  de  la  capsule.  La  decision  (rejection 
instantane#  pourra  etre  prise  4  ffnsu  de 
l'*quipage 

•  Atterrtssage  dan*  un  p*d  metre  de  1  km  ou 
piue  autour  du  pea  de  tlr 

Contamination  eventual  to 
e  Amemssage  8  projdmrt*  dea  cbtea 
guyanatoes. 

Recuperation  rapid#  de  requipage  (influ¬ 
ence  des  condition*  metooro*og»que*  et  de 
retat  de  la  mer). 

Aprd*  separation  de* 
proputseuri  4  poudre 

120  *  <  t  <  800  * 

•  Separation  de  r avion  spatial  at  du  lanceur 

pula  stabilisation  de  HERMES, 
e  Ejection  de  la  capsuie  apres  retour  dens  to 
oomsme  <r  sjecoon  (operations  uniuuieei 
per  requipage,  avec  support  du  sol). 

Facteur  de  charge  (juaque  5,2  g) 

Amerrtssage  dan*  roc* an  Atiantkjue. 
Recuperation  de  requipage  dan*  le*  24  heure* 
(influence  dea  condition*  meteorotogique*  et  de 
retat  de  la  mer) 

Insertion  en  orbite 

•  separation  de  r avion  spatial  et  du  lanceur. 

Vd  vers  >m  site  transatiantique  et/ou 
ejection  de  la  capeuto  aprds  retour  dan*  to 
domain* 

•  Si  altitude  at  vitas**  tufltsantes  :  Insertion 
en  orbite,  puis  rsntrSe  vers  un  terrain  de 
secours  (operation*  centred* a*  per 
requipage  avec  support  du  sol). 

Amerrtssag*  de  la  capsule  dans  rOcPan 
Atlantiqu*  (voir  d-desaua). 

Tableau  2 


ezs 


Contamination  da  >a  cabin# 
Feu 


Ddpressurlsatton  accidental!#  da  la  cabin#  (d*faiftance 
d'un  joint  perforation  par  d*brts  ou  micTom*t*ortte). 


D*faiHanc*  d'un  sous-sy*t*m*  (panne  double  ou  triple). . 


Eruption  soiaire 


•  i-u  ^^ESSSZISEiZZEZ!  EEES3 


Utilisation  des  extincteur*  et/ou  purge  votontalr*  pula  repressurtsation  da 
tout  to  vdbicuto.  La  propagation  d'un*  contamination  4  r  ensemble  dee  vo*- 
umea  pressurise*  eera  Inevitable  du  fait  de  i'efltcacttd  de  la  ventilation. 
(Mite  an  oeuvre  rapid#  d'un#  prelection  reepiratoire)  _ 


Com  pentagon  par  l'ECLSS  at  rantree  d'urgenc*  dan*  gn  deiai  maximal  de 
3  4  8  heures. 

La  temp*  de  reaction  de  requipage  depend  de  I'lmportance  de  la  ftilte 


Rantree  d'urgence  dan*  un  deiai  maximal  de  3  4  8  heuree. 


Cette  protection  n'est  pa*  du  re* tort  d'un  epulpement  Individual. 


Rantree  apr*»  Mach  7 
Phase  Anal*  at  attarrtssag# 


PO#Si8IUTES  D€  SAUVETAGf  LOW  Of  LA 
REK7RS 


Aucune  an  ca*  de  parte  de  contrti*  de  HERMES 


Separation  de  la  cap*uto 


AtterrHtage  ou  amefrtssag* 

Recuperation  de  r equipage  dan*  toe  24  heurw 
(influence  de*  condition*  meteorotogique*  et/ou 
da  l'4tat  d»  la  mart. 


Tableau  4 
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Kalgrd  la  protection  apportda  par  HX8M13,  la  oapaula  at  lea  redondanoea  da 
I'lCUa,  11  a'avirc  qua  daa  altuatlona  dangereuaea  pour  la  ala  da  l'dqulpaga  aa  peuvent 
Itra  dcartdea  (voir  tableau  5).  Lea  trola  prealdree  altuatlooa  oltdea  lua  oa  tableau 
ooodulaant  k  la  parta  da  la  praaaloo  totala  exigent  la  prdaenoe  k  bord  d'BUKTS  d'un 
aoaphandre. 


rnnmtui 

•  Oa  la  c 

•  Oa  la  c 

•  Car  ear  purge  waoattaa  i 


CONTAMMATOM  DC  L' ATMOefHCAC 

a  Aa  aal  ton  fmt  evacuation  da  pea  da  br 
a  Oanabaarta  on  ha.  aaa  eewaacs  syant  aatriM  aa  4H«piamC  da  a 


FACTSU4  DC  CHAMg  /  KAMTTATX3N  CAM40VAKUUUM 


•  d'aiqa ace  rHBtMEB  at  du  laaceur 
fveceaOon  Cwpencs  aarda  rauarriaaeoa  at 


nouraunoM  oc  I'tomrAOt  rr  sauvctaqc  n  Met 

a  Aarda  l|»rfloa  da  Id  rapaida 


Tableau  3  :  SttuaUona  dangereuaea  pour  la  via  da  t'dqutpaga 

L'orlantetloo  poaalbla  du  ayetdae  da  aauTatafa  d’HUMSS  rare  daa  ajratdeaa  ouaarta, 
ou  partlelleaent  enoapaulds,  rand  plua  lndlapenaabla  aooora  la  protaotloa  da  l'dqulpaga 
par  uo  aoapbandre  (Idf.3,  4 ) .  La  parta  da  praaaloo  eat  potantlalla  lora  da  l'djeetlon  da 
la  oapaula,  alia  eat  use  oaraotdrlatlque  du  ayatiae  lora  du  aauvatage  par  aliga  a J cc ta¬ 
ble  ourert.  Daa  oootralntaa  suppldaentalrea  aoot  dgaleaent  iotrodultaa  par  oa  type  da 
ayatdae  d’djeotlon.  Ca  aoot  laa  oootralntaa  uauallaa  d’djeotlon  qul  ndoeasltent  la  pro¬ 
tection  oootra  l'affet  da  souffle,  laa  obooa,  l'laaaraloo  daaa  l'eau  alnal  qu'un  dlapo- 
altlf  da  flottabllltd  Individual,  la  protection  tberalque  ndoeasalra  pour  laa  djeotlons 
d  grande  vita aaa  pouvant  Itra  rdallsee  au  niveau  du  alaga  (bouollar  tberalque). 

L1NITATI0R3  PHT3I0L00IQUg3  -  fOMCTIOBS  DO  3CAPHAMDKK 

Outre  laa  foootlooa  da  baaaa,  daa  fonotlona  quallfldea  d’lntdgrdea  pauvaot  itra 
aaaurdes  par  la  aoapbandre  aveo  la  aouol  da  rdallser  uo  dqulpeaant  da  protaotlon  aiaple, 
ldger,  ooaplat  at  d'aaplol  alad.  Soot  raaseabldes  aoua  la  taraa  da  fonotlona  lntdgrdas, 
laa  fonotlona  do  protaotlon  lldea  aux  opdratlona  d'HEMCES  ou  indultaa  par  la  port  du 
aoaphandre  at  laa  oontralntea  d'lntarfaoaa  avao  HEM1E3.  L'anaaabla  das  fonotlona  k  aa- 
aurar  par  la  aoaphandre  eat  prdaentd  dana  la  tableau  6.  L'analyse  daa  axlganeaa  aaao- 
oldas  a  oaa  fonotlona  eat  rdauada  cl-aprds. 


—— ■  '  II1  — — ■ 

— —  i  — ■ 

du  prM«Jon  dm  la  c*p*ufe  tors  dm  u  sOpfstfcjn 

FONCDOM6  DC  PROTECTION  DC  BASE 

dm  la  c iMm  ou  pudorstfan 

ConUrnktaBow  dm  la  c attorn  ou  feu 

MNnflun  dm  to  pro— tan  totato 

Evacuation  Ou  pm  dm  Pr  mo  amoUnca  cowUmtoOu 

Fourruturs  cTtmu  atmoupMn  mptrsOfe 

FOfeCTXXS  PT7E<3R£E8 

Lon  Ou  port  Ou  KaoAandn 

Co nMh  th mrmkfm 

Lots  du  port  Ou  acsprumdrs 

UoOMM,  dtnddrdd 

Fulls  du  hi  ca&nm  ou  contamination  uo  art* a 

HmbM9Q*dmha#UQm  mn  on— 

Lon  du  port  Ou  ucaptiandni 

Vfeton 

Sdpuraflon  dm  mcouts  untrs  fe  lancaur  mt  rcvton  tputlal 

Profcttun  tnd-q 

ffcladaptstion  cardto  rspruotn  upru*  raftoi ilnsqu 

**jfcaun  ar<Hj 

Lots  Ou  port  dm  mcapkandrm 

NwwifliM  mi  communtosdOM 

Lartcamuut  O  rmtrfe 

«»ferj«ioo  du  brutt 

Lon  Ou  port  du  Kapfcaaaru 

Confect*  dm  r’urtoo 

Lon  du  port  du  scapftandr* 

FourWtun  dm  boiuoo 

Surv+u  pmndmd  24  haunt  -  flmvataQt  m*  mmr 

Aldm  i  la  iurvfe  -  FtottaOOttd  -  Komsfe 

Tabtaeu  8  :  Fonetton*  da  proteebon 


fonotlona  da  baaa 

Malntlan_da  l,a_presalpn  totala 


31  l'on  consldire  aeulaaent  la  risque  da  parta  da  presalon  da  la  oapaula  lora  de 
son  djectlon  da  l'avlon  spatial,  la  dures  pendant  laquelle  la  aoapbandre  dolt  assurer 
lea  fonotlona  da  base  aat  relatlveaent  courts  (da  l’ordra  da  ID  nlnutes).  La  protection 
offarte  par  un  vdteaent  1  contra-prasslon  par  vasals  pressurlsde  (acpeld  'partial  pres¬ 
sure  suit*)  aaralt  alors  sufflsanta  pour  ces  durdes.  En  revanche,  i  la  suite  d’una  dd- 
prassurlaatlon  de  la  oablna  non  ooapansabla  totaleaent  par  l'ECLSS,  la  protection  of¬ 
farte  par  un  tel  dqulpenent  n'ast  pas  coapetlble  avao  la  durde  raquisa  pour  le  rstour 
aur  Terra  (da  3  4  6  heures).  Dn  aoaphandre  1  presslon  totals  ('full  pressure  suit*)  ast 
dono  ndoessatre  pour  couvrlr  oa  cas. 

L'aablance  d'HElWES  dtant  k  una  presslon  de  1013  hfa  et  ooaposde  d'una  ataoapbdre 
coaprenant  79  t  d'azota,  des  rlsques  d 'adroeabollsae  apparalssent  lorsque  I'ECLSS  n’ast 
plua  en  aeaura  d'asaurer  une  presalon  totals  aufflsante. 


: 


La  prasslon  ainlaale  du  soaphandre  as- 
surant  la  protection  contra  l'aAroenbolisae 
•at  dAflnia  par  1«  factaur  R,  dAflnl  par  la 
rapport  da  la  prasslon  partlalla  d'azota  dans 
las  tlaaus  avant  la  decompression  a  la  pres- 
alon  du  aoapbandra  (oxygAne  pur).  Pour  las 
operations  d'aotlvltA  extravAbloulalra  an 
aoapbandra,  la  NASA  eonaldAre  qua  R  a  1.22 
oonatitua  una  valour  silra,  R  *  1.A  ast  la  11- 
aita  pour  las  conditions  noalnalas  at  R  »  1.8 
•at  anvisagaabla  pour  das  operations  d'urgan- 
oa  pour  una  dure a  infArlaure  A  30  alnutaa.  Das 
valours  da  X  supArieures  A  2  sent  supportAas 
par  las  pilotas  d'avlons  da  ooabat  sans  sysp- 
tfiaas  graves.  L'utillsation  d'un  aoapbandra 
da  protection  dans  H8RMB3  represents  una  si¬ 
tuation  intaraAdialra  antra  la  caa  da  l'EVA  at 
oalui  du  pilots  d'avion  da  ooabat  tent  du 
point  da  vue  da  la  durAe  qua  du  travail  physi¬ 
que.  On  faotaur  X  da  1.8  paut  dono  Itra  envi¬ 
sage  pour  la  protaatlon  da  saoours  da  l'Aqul- 
paga  d1 HERMES.  Du  fait  du  oaraotAra  lapravu 
das  dAcoap rasa 1 oas  da  la  capsule  ou  da  la  ca¬ 
bins,  la  dAnitrogAnation  qui  peraettrait  da 
rAduira  laa  rlaquas  d'aAroaabollsaa  n'aat  paa 
possible. 


Figure  A  i  rlaquas  d'aAroaabollsaa 


La  figure  A  donna,  statlatlquaaant ,  las  rlaquas  d'apparltlon  das  syaptSaas  d'aAro¬ 
aabollsaa  corrAlAs  au  faotaur  R,  an  fonotlon  da  la  prasslon  rAgnant  dans  la  soapbandra 
(oxygAnc  pur)  at  da  la  durAa  da  la  dAnitrogAnation.  Pour  l'applloatlon  A  la  sauvegarde 
da  l'Aquipaga  d' HERMES,  oaol  conduit  avao  R  a  1.8  at  sans  dAnitrogAnation  A  una  prasslon 
alniaala  dans  Is  aoapbandra  da  A50  hPa. 


Fournltura_d2,at«oa£bAre 

En  oas  da  dAaoapreasion  da  la  oabine  ou  da  la  oapaula,  una  ataoaphAre  respirable 
dolt  Agalaaant  At  re  aaintanue  dans  la  soapbandra.  La  figure  5  achAaatlsa  l'Avolutlon 
daa  conditions  rasplratolraa  lors  d'una  dAeoaprasslon  A  partir  da  1013  hPa  (21  t  d'oxy- 
gAne)  at  la  transition  vara  1* ataoaphAre  d'ozygAne  pur  du  scaphandre  pour  Avltar  l'hy- 
poxia.  Ainsi,  l'allaantatloc  an  oxygAne  pur  du  soapbandra  prand  autoaatlqueaant  la  re- 
lals  da  1 ' al iaantatl on  en  air  da  la  cabins  dAs  qua  la  prasslon  da  la  cabins  ebuta  an- 
deqA  da  650  hPa,  oatte  valaur  n'Atant  acceptable  qua  da  faqon  t renal  to Ire,  qualquaa  al¬ 
nutaa  ,  au  plus.  La  prasslon  partlalla  da  C02  dans  Is  scaphandre  doit  etre  lialtAa  i 
10  hPa  an  conditions  noraalaa  at  20  hPa  an  conditions  dAgradAas. 


Da  plus,  l'allaantatlon  du  soapbandra  paraat  la  fouraiture  d'un  gax  respirable 
lorsqua  l’aablanoe  cabins  ast  contaalnAe  ou  lorsqua  la  prasslon  partlalla  d'oxygAne  ast 
trop  basaa.  Ca  dernier  oas  paut  etre  gArA  par  das  procedures  grace  A  una  slarme  donnAe 
par  l'ECLSS  (an  fonotlon  das  presslons  totals  at  partlalla  d'oxygAne). 


UjJ'dMrmles 


«n  Bttdnrun  mm  Itrrt 
toKtiiMl  It  MtMqtt  d‘Oj 

L'MMlMM  CIMtiM 

CrtbeM  tfdUMH 
»t  ptrtt  dt  mmeitmf 


Figure  5  i  Evolution  d«s  condition*  r«splr*toir«9  lor*  d'un«  d4co»pr«s*icm  d*  1*  <3«bin« 
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focotlocs  lntdgrdea 

La  port  du  aoaphandra  lapoaa  k  l'dqulpaga  uno  oontralnta  tharalqua  acarua.  Afln 
d' assurer  la  eocfort  tharalqua  at  la  aalntlan  das  performances  das  apationautes,  una 
ollaatlaatioa  ast  ndoasaalre.  Las  optloss  oonoernant  oatta  rdfrlgdratlon  dependant  da 
l'aotivltd  adtabollque  da  l'dqulpaga,  da  la  durde  aonalddrde  at  du  niveau  da  eonfort 
tbaralqua  raqula . 

Durant  las  phases  noalnalas  du  lanoaaant  ou  da  la  rantrde  (dqulpage  asala,  aotlvl- 
td  adtabollque  lnfirleure  i  180  W)  un  aontrdla  tharalqua  effloaoe  ast  ndoeaaalra, 
o'est-i-dlre  qua  l'dvaouatlon  da  ohalaur  na  dolt  pas  antrslnar  una  transpiration  lapor- 
tanta  (evaporation  out  and.  da  l'ordra  da  50  i  200  g/h). 

On  oootrile  tharalqua  solas  parforaant  ast  asoaptabla  pour  das  conditions  do  sa- 
oours  tallas  qua  la  rstour  d'urfanoa  apris  una  ddpreaaurlaation  da  la  cabins  ou  uno 
contamination  (durde  da  3  4  6  bauras,  aotlvltd  adtabollque  lnfdrleure  i  180  W)  slnsl  qua 
la  purge  da  la  cabins.  Dana  oes  naa,  l'dvaouatlon  da  la  ohalaur  adtabollque  rapoaa  a  or 
una  evaporation  outanda  laportanta  (aupdrleure  k  204  g/h).  La  bllan  tbaralqua  sat  ndan- 
aolna  dqulllbrd. 

On  oontrSls  tbaralqua  alnlaal  ast  anaisagaabla  pour  la  dasoanta  da  la  oapsula 
apris  separation!  phaaa  da  oourta  durde  -  10  alnutas  -  pandant  laqualla  l'dqulpaga  n'a 
qu'un  r8la  paaalf  -  aotlvltd  adtabollque  da  l'ordra  da  105  V.  Ca  type  da  oontr8la  ther- 
alqua  lapllquant  un  atockage  tbaralqua  pandant  una  durde  llaltda  ast  dgalaaant  posslbla 
lors  das  ddplaoaaants  da  l'dqulpaga  dans  la  oablna  ou  lora  da  l'dvaouatlon  du  pas  da  tlr 
(aotlvltd  adtabollque  Jusqu'i  350  H,  durdo  lnfdrleure  k  30  alnutas). 

La  oontrila  tbaralqua  par  ventilation  paraat  da  aouvrlr  oss  diffdrants  oaa.  Laa 
oaraotdrlatlquaa  da  la  vantllation  du  aoaphandra  sont  rdauadas  dans  la  tablaau  7.  La 
rafroldlssaaant  par  bouola  llqulda  n'aat  pas  lndlapansabla  |  11  lndulralt  un  aocrola- 
saaant  da  la  aaaaa  du  aoaphandra,  una  Interface  supplemental  re  avao  HERMES  at  augaan- 
taralt  la  durdo  da  I'hablllaga  (voir  paragraphs  ‘Interfaces  at  procedures*). 


, 

smiloSffSS^mL 

Casreirtsapi..  eases*. 

Pm  dm  rt*cfca»«  Wmcmiqm 

Mama 

Ak  A  1013  hPi 

*  <90  fcPa 

ChtygAo#,  <90  *  1013 

T«*Mn 

»i»rc 

A  d+&rur 

A  iMfiir 

HmMM 

40*70% 

0% 

0% 

MM 

UUO^i 

_ j 

a*  *  i.o  Qt* 

02Sq/t 

(Mseir*  tot  b— o<rra 
r— ptfWrt  rnmm+ux  «t  H 
dm  U 

Tablaau  7  :  Controls  marmk«ua  du  acaphandra 


grgonoala 

La  port  du  aoaphandra  durant  la  lanoaaant  at  la  rantrde  dolt  itra  compatible  avao 
las  ttohas  noalnalas  da  l'dqulpaga  at  done  presenter  das  contralntaa  argonoalquaa  alnl- 
aalaa.  Cala  slgnlfle  qua  la  position  assise  an  scaphandra  dolt  itra  confortabla,  qua  las 
oontralntsa  da  aobllltd  at  da  dnxtdrltd  alnsl  qua  las  limitations  du  chaap  visual  Intro- 
dultaa  par  la  aoaphandra  dolvant  itra  ooapatlblaa  avao  la  pilotage  d'HERMKS.  La  sca- 
phandra  dolt  prdaantar  dgalaaant  un  anooabraaant  alnlaal  sfln  da  faclllter  laa  opera¬ 
tions  d’dvaouatlon  d'urgenoe  su  sol  at  la  aobllltd  an  orbits.  Da  plus,  las  oontralntsa 
do  aassa  da  la  capsule  at  d'HERMKS  lapoaent  qua  la  scaphandra  alt  una  aassa  ausai  ridul- 
ta  qua  possible.  L'anaaabla  da  cas  considerations  na  paut  itra  coherent  qu’aveo  un  sea- 
phandra  souple.  Laa  exlgenoes  conoernant  las  aspects  argonoalquas  d'un  tal  scaphandra 
dans  HERMES  sont  ddtallliss  ol-apris. 

Mobl 11 td_-_Dext dr l t d 

Las  llaltatlona  da  aobllltd  sont  aaxtaslas  lorsqua  la  scaphandra  ast  prsssurlsd. 
Afln  da  alnlalsar  las  contrslntas,  la  scaphandra  ast  pressurise  a  una  prasslon  da  fono- 
tlonnaaant  alnlaala  ooapstlbls  avac  la  protection  contra  l'aeroaabollsaa,  o'sst-i-dlre 
*50  hPs.  On  niveau  da  prasslon  plus  fslbla,  da  l'ordra  da  21.0  hFa  paut  itra  envisage 
pour  una  durde  llaltda  (15  an)  pour  effeotuer  das  tichas  lldas  k  la  sdcurltd  axlgasnt 
una  aobllltd  at  una  dextdrltd  accrues. 

Lorsqua  l'dqulpaga  ast  sssls  dsns  la  posts  da  pilotage,  las  operations  an  relation 
avao  la  aauvegarde  da  l'dqulpaga  ou  la  pilotage  d'HERMKS  exigent  qua  t 

.  La  position  nautra  du  scaphandra  prsssurlsd  solt  la  position  assise  pour  dvltei  ■ u 
spatlonaute  un  effort  paraanant  da  aalntlan  an  position. 

.  La  aobllltd  peralse  par  lea  articulations  dee  bras  at  das  dpsulas  du  scaphandra  par- 
aatta  una  anveloppa  d'attalnta  ooapatlble  avao  l'aadnageaent  das  coaaandes  dsns  la 
cockpit  d'HERMKS,  alnsl  qu'avao  las  ooaaandaa  du  aoaphandra  lul-aiaa. 
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•  La  dext4rit4  off arte  p*r  1' association  gant-commande  solt  auffisante  pour  la  control# 
d ' HERMES  ou  du  aoaphandra. 

Das  eaaais  du  aoaphandra  da  secours  sovl4tlque  da  Soyoux  ont  4t4  r4alia4a  dans  una 
maquette  d' HERMES  at  ont  montr4  la  validlt4  du  oocoapt  da  aoaphandra  aouple.  Laa  con* 
tralntas  introduitaa  par  laa  d4plaoementa  da  l'4quipage  an  aoaphandra  dans  la  cabina 
aont  traa  li4es  aux  proc4duraa  envlsag4es  (aoaphandra  praaaurla4  ou  non  *  voir  para* 
grapha  "interfaces  at  proc4durea" ) .  Maanaoina,  oala  implique  da  pr4voir  pour  l'a*4nage- 
aant  d'HERMES  una  tallla  aufflaanta  daa  paaaagaa  dans  HERMES  ou  antra  laa  sifeges,  das 
issuaa  at  d' installer  daa  aides  4  la  moblllt4  pour  faollitar  1' Evacuation  au  sol. 

Visibility 

XI  ast  lap4ratif  qua  l'4quipaga  an  aoaphandra  puiasa  avoir  una  visibillt4  oorrao- 
ta.  o*ast*4*dira  uca  bo ana  qualit4  da  vision  au  travars  da  la  visltra  at  un  champ  visual 
adaquat.  La  ahaap  visual  minimal  requis  pour  la  visibllit4  das  oommandea,  daa  ccnne- 
xlons  du  soaphandra  at  daa  hublots  4tant  da  ♦  15*  vara  la  haut,  -  70*  vara  la  bas  at 

♦  90  *  sur  laa  o6t4s,  las  mouvements  da  tita  a'avirent  n4oassalras.  Caoi  ast  realisable 
so  it  par  la  poasibllit4  da  rotation  du  oaaoua  par  rapport  au  soaphandra,  solt  par  mouve- 
aant  da  la  tlta  au  sain  d*un  casque  int4gra  au  soaphandra.  La  position  du  pilots,  donnee 
par  l*anaaabla  sl4ga/sanglas  da  sliga/soaphandra  prassurls4  ou  non  doit  assurer  una  po* 
aitlon  da  1'oell  ad4quata. 

P ro ta o t. i o n_co n t ra  las  *cc4l4rations  6t_lea_chocs 

One  protection  anti-g  ast  raquisa  lors  da  la  s4oaratlon  d*urganoa  dc  l'avlon  spa* 
tial  at  du  lanoaur,  1* Equipage  ayant  un  rdla  actif  a  jouar  pour  la  ratour  sur  Terra. 
Lors  da  l'4tablisaement  du  prof 11  dtacoal4ratlon  ♦  Gx  la  plua  oontraignant ,  la  also  an 
acc4l4ratlon  ast  ralatlvaaant  faible,  da  l'ordre  da  0,2  Gz/s.  Una  valaur  maximale  da 
5,2  Gx  eat  attandua  j  1 'equipage  davra  supporter  una  aco4l4ration  sup4rleure  4  3  Gx  du- 
rant  30  s  dont  15  a  au*dassus  da  5  Gx.  if in  da  aaintanir  las  performances  da  l'4quipaga 
dans  catta  phase,  la  protection  par  vaasias  anti-g  lntagreaa  au  soaphandra  at  l'execu- 
tion  da  manoeuvres  resplratolres  sont  envisages*. 

La  r4duction  du  volume  sanguin  an  orbita  at  sa  redistribution  vers  las  parties  bas¬ 
ses  du  corps  sous  l'affet  da  la  gravlte  durant  la  rentr4e  antralnent  das  difficult4s 
pour  l'4quipaga  4  conserver  la  position  debout  at  una  capacit4  r4dulte  4  supporter  las 
aec4l4ratlona  ♦  Gx.  La  praasurisation  das  vaasias  anti-g  durant  at  apris  la  rantrea  per- 
aat  d'4vltar  l'afflux  sanguin  vara  las  jambes.  La  falbla  niveau  d'accel4ration  lors  da 
la  rentr4e  (lnf4riaur  4  2  Gx)  n'introduit  pas  da  probl4me  phyaiologique  particulier. 

La  protection  contra  laa  ohoos  durant  la  lancement,  la  s4paration,  la  descanta  at 
1' atterrlssago  da  la  capsule  n4cessltant  una  position  corrects  da  l'4quipaga  :  dos, 
4paula  at  tata  contra  la  s!4ga.  La  maintien  dans  catta  position  ast  obtanu  par  l'ensea- 
bla  sl4ga/sanglas  de  sl&ges/appui-tate  at  accoudoirs  qul  doit  raster  compatible  avec  la 
pilotage  d'BERMBS.  Da  mama  la  harnais  da  sl4ga  doit  atra  compatible  avac  la  port  du 
soaphandra,  presaurls4  ou  non.  La  protection  da  la  tata  das  spationautes  dans  la  capsule 
na  requiert  pas  da  casque  dur.  La  soaphandra  paut  done  atra  equips  d'un  heaume  souple. 

Information  et_communi cat ions 

Las  fonctions  d* information  at  da  coamr.nl cat ions  doivant  permettre  las  communica¬ 
tions  antra  l'4quipage  at  la  sol  at  ontre  las  spationautes  an  soaphandra  ainsi  qua  la 
surveillance  das  param4tras  da  fonctlonnement  du  soaphandra,  das  donnees  biomadlealas 
at  l'eaisslon  d'alarmas.  La  recaption  d'alarmes  provenant  da  l'ECLSS  at  la  transmission 
4  l'4quipage  doivant  4gal ament  atra  assuraas.  K4anmoins,  la  maintlen  da  la  prassion  to¬ 
tals  at  la  fournlture  a’ atmosphere  respirable  qui  assurant  la  survia  du  spationauco  na 
dependant  pas  das  fonctions  d* Information  at  da  communications. 

Lorsqua  la  soaphandra  ast  porta  prevent ivamant ,  la  transmission  d' informations  4 
l'4qulpage  permet  d*am4liorar  sas  performances  at  son  confort  pour  l'ex4cution  da  la 
mission,  la  surveillance  da  la  miss  an  oeuvre  du  soaphandra  (connexions  correetes,  far- 
mature  da  la  vlsi4re)  at  las  procedures  da  test  avant  la  lanoamant  ou  la  rantrea. 

Survie_et  sauvataga  apr4s  le_retour  de_la  capsule 

La  survia  da  l*4quipage  apr4a  4jection  at  attarrissaga  ou  amarrlssaga  da  la  cap¬ 
sule  doit  atra  assur4e  pendant  au  molns  24  hauras.  Las  fonctions  suiv&ntes  doivant  atra 
assur4es  * 

.  fournlture  d'ataosphEre  t  assures  par  la  capsule  (ventilation  par  da  I'air  ext4- 
riaur).  La  continuite  da  la  fournlture  raapiratoira  antra  la  soaphandra  at  1 'ambiance 
da  la  capsule  dolt  atra  assur4e. 

.  Communications,  localisation  s  assur4es  par  la  capsule 

.  Mourrlture,  bolason,  troussa  da  sacours  *  atookage  dans  la  capsule 
.  Sauvataga  an  aar  t  r4cup4ration  da  touta  la  capsule  ou  r4cup4ration  individuelle,  cat¬ 
ta  demiiro  solution  exigeant  una  flottabillte  individuelle  at  un  harnais  da  hissaga 
individual.  La  premiere  solution  serait  pr4f4rable. 


UTSVICIS  KT  PIOCIDtJRES 


La*  dlffloultd*  eaaentlellea  Indultas  par  l'utlllaatlon  da  aoaphandrea  pressurises 
sont  t  laur  Integration  dans  un  post*  da  pilotage  aux  dimensions  redulres,  laur  utlll- 
satioo  dana  las  volumes  oonflnds  d'HRRMES,  laur  compatibility  area  das  conditions  d'an- 
vironneaent  tris  dlvarsaa  at  laur  lnaartlon  dana  das  operation*  ddji  oompllqu4*a  par 
alllaura.  Sous  reserve  da  raaattra  an  oauaa  la  valldlta  seme  du  oonoapt  da  aoaphandr* 
pressurise,  11  aat  lndlspaosabla  da  ddflnlr  daa  lntarfaoas  slaplaa  at  das  procedure* 
d'utlllaatloo  realists*  die  la  phaaa  d'dtabllaaaaant  das  exigence*. 

if  In  da  nalntenlr  oaa  problimes  d'lntdgratlon  1  un  niveau  aooeptabi*.  la  cholx  a 
dtd  fait  da  llaltar  la  doaalna  da  protaotlon  du  seaphandra  aux  sltuationa  ou  11  daaaura 
la  Saul  at  ultlaa  raooura  durant  las  phases  critiques  du  rol  ataosphdrlque.  Dana  la 
aesura  oik  alias  n'lntrodulaant  paa  da  oontraintaa  suppldaantalras  sur  la  seaphandra  at 
saa  lntarfaoas,  das  situations  da  sauvegarde  an  orblta  peuvent  dgaleaant  atre  oouverte* 
moyennant  daa  procedures  d'utlllaatlon  adaptdaa.  La  sendee  du  soaphandre  at  da  sea  ln¬ 
tarfaoas  aveo  HERXK3  propose  sur  la  figure  6  rdpond  aux  axlgenoas  d'un  systems  da  pro- 
taotion,  minimum  at  oohdrant,  dimensioned  pour  aouvrlr  an  prlorltd  las  phases  critiques 
du  vol  atsH>apbdriqua  pilots,  y  comprla  una  dvantualla  djaotlon  4  grande  vlteaae  at  haute 
altitude. 


figure  6  i  Architecture  du  soaphandre  et  Interfaces  avec  HERMES 

Typlque  du  lanoeur  envisage,  la  rnplditd  de  divergence  d'dvdnsnents  catastrophi- 
ques  eat  telle  que  la  sequence  d'djectlon  pourra  etre  lnitlde  i  l’lnsu  de  l'dqulpage  par 
le  segment  sol,  scire  de  faqon  autoaatlque.  Cola  lapllque  pour  le  seaphandra  d'etre  dans 
una  conf lguration  telle  qu'll  pulsse  etre  opdratlonnel  quasl-lnstantaneoent.  Le  port 
prdventlf  du  soaphandre  eat  done  ndcessalre  au  aoins  pendant  certaines  perlodes  de  mls- 
slon  blen  que  leur  deroulement  solt  noalnal  >  ceol  ddflnlt  le  node  nominal  d’utlllsa- 
tlon. 


Dans  le  cas  de  phdnom&nes  k  divergence  lente,  ou  lorsque  les  fonctions  de  protec¬ 
tion  physlologlqu*  d’HBRMES  ne  sont  plus  que  partlelleaent  remplies  par  le  vdhlcule,  le 
soaphandre  sst  utilise  pour  supplier  aux  fonctions  ddfalllantss  i  e'est  le  node  de  se- 
cours. 

Enfln  lorsque,  i  la  suite  d'une  ddfalllance  complete  d'HERHES,  le  soaphandre  dolt 
assurer  seul  les  fonctions  de  protection  et  de  support-vle,  11  s'aglt  du  mode  d'ultiae 
secours . 

Hods  noalnal 

Le  port  du  soaphandre  est  lncontestableaent  une  contrainte  pour  l'^qulpage,  on 
cherohe  dona  k  la  alnlalser  de  la  faqon  sulvante  i 

.  Pendant  les  phases  k  divergence  raplde,  lanceaent  Jusqu'i  Insertion  en  orbits  et  cen¬ 
tre*  atmospbjrlque,  le  port  prdventif  du  seaphandra  est  indispensable.  HERMES  ealnte- 
nant  une  presslon  ataosphdrlque  noriale,  le  soaphandre  n'est  pas  pressurise,  seulement 
ventiie  aveo  de  l’alr  cablne.  II  est  en  revanche  pr8t  i  etre  pressurise  lnstantar.ement 
et  autoaatlqueaent  en  ces  de  besoln.  L'equipage  etant  norsaleaent  Install^  dans  le  pos- 
te  de  pilotage  durant  ces  phases,  aucun  Replacement  en  cablne  n'est  pr8vi'. 
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.  feodant  lea  phases  X  dlvergeno*  lente,  phase  orbltale  Juaqu'X  l'i».pulaion  de  dXaor- 
bltatloo,  la  aoapbandra  eat  «nl avX  pour  das  rations  Xvldentes  de  confort.  Cela  iapllque 
d'una  part  da  Xa  Stocker  dans  Un  androlt  qui  raatara  aooaaalbla  an  aaooura  at  d'autra 
part  da  pouvolr  X'andoaaar  X  nouveau.  Stact  donnX  qua  Xa  ToXuaa  oastral  aat  Xa  aaul  X 
offrlr  un  volume  aufflaant  pour  Xaa  opXrations  d'habillage  at  dXshablllage,  c'eat  Xga- 
laaant  la  llau  da  stookaga.  Laa  dXplaoesenta  antra  aoluaa  central  at  capaula  aa  font 
avao  Xa  aoapbandra  ouvart  at  auaat  rap 1 dement  qua  poaalbla. 

.  Laa  fonotlona  assurXea  par  Xa  aoapbandra  acnt  deatlnXes  1  an  garantlr  Xa  ooofort  at 
done  la  productivity  da  l'Xquipage  aaaia  dana  la  oockplt.  Laa  lntarfacea  avao  lea  fono- 
tiona  HERMES  aont  rXallsXea  par  un  oabilical  dXoonneetable  i 

-  controls  therm! qua  at  ranouvallaaant  da  l'ataoapbera  interne  par  ventilation  d'air 
prXlevX  an  oablne 

-  information  at  ooamunioatlona  autorlaant  Xa  dialogue  antra  apationautaa  at  avao  la 
aol  alnai  qua  Xa  aurvaillanoe  daa  paramXtrea  apationauta-aoaphandra 

-  aXiaen tattoo  daa  vaaaiaa  antl-g  pour  l'alda  X  Xa  rdadaptation  oardlo-vasouXalra  au 
ra tour  de  mission 

-  rXallsatlon  daa  taata  da  eoetrile  da  bon  fonotionnament  avant  l'abord  daa  phases  ori- 
tiquas. 

L'argooomla  du  aoapbandra  dcit  pemettre  1'exXcutlon  normals  das  ttohes  da  pilo¬ 
tage  at  daa  operation*  ndoaasalrea  X  la  sXouritX,  d'oii  das  lmpXratlfs  da  mobllltX,  da 
daxtXrltX  at  da  viaibllltX. 


Mode  da  aaooura  ultima 

Ca  mode  antra  an  vlguaur  de  fapon  entlXrsaent  autoaatlque,  dis  Xors  qua  la  presslon 
oablna  d'HERMK3  chute  an  desscua  da  950  hPa.  XI  suppose  done  par  definition  qua  la  aca- 
phandra,  prassurlsd  X  <50  hP»  sbsolua,  ait  ltd  revetu  au  prealable  at  connect*  X  una 
souroa  d'oxygXne  da  prassurisaticn.  L'analyaa  das  XvXnemsnts  rsdoutes  aontra  qua  l'on 
paut  rXdulre  au  saul  cockpit  la  lieu  d'HERMES  oX  oa  mode  ast  indispensable.  En  affat, 
pendant  las  phases  ataoaphirlquss  ou  lea  rlaques  de  dXprsaaurlsatlon  sont  aaxlmaux, 
l'Xquipage  as  trouva  an  permanence  dans  Xa  aockplt,  at  an  cas  da  parte  da  presslon  en 
orbits  suite  X  un  aaoidant  rXeliste,  l'Xquipage  aura  au  la  tamps  da  rejoindre  la  cock¬ 
pit  an  aoapbandra  pendant  Li  periods  da  aoapensation  (voir  procXdurea  de  seoours  dX- 
tallldca  plus  loin). 

Las  fonotlons  du  scaphandre  utillaX  an  mode  d' ultima  saaours  sont  d' assurer  la 
survie  da  l'Xquipage  d'una  part  un  rXaliaant  lea  deux  fonotlons  easentlellea  du  sup- 
port-via,  malntlan  de  la  presslon  totals  at  d'ataosphXre  respirable,  at  d'autra  part  an 
parmettant  au  apatlonaute  asals  dana  la  cockpit  d'exXouter  las  manoeuvres  de  as  propra 
aauvagarda  t  pilotage  d'HERMES  vara  un  sits  d'atterrlasage,  opXratlon  du  scaphandre  at 
initiation  d'una  Xventualle  sXquenoe  d'Xjeotion. 

Du  fait  da  la  rlgidltX  du  soapnandra  una  fols  presaurlaX,  las  aspaots  da  mobllltX 
daa  aeabrea  at  dextXritX  das  gents  sont  las  plus  oritiquas.  Csol  Justlfle  d'una  part  qua 
l'on  liaita  au  saul  cockpit,  ou  las  basoins  da  aouvements  sont  rXduits,  la  capacitX 
d 'ultima  seoours,  at  d'autra  part  qua  l’on  offre  la  posalbilitX  d'una  pressurisation 
tempormlre  X  una  presslon  plus  faibla  da  250  hPa. 

Modes  da  aaooura 

Cas  modes  lntervlennent  lorsque  la  scaphandre  n'a  pas  X  assurer  la  malntlan  da  la 
presslon  totals  mala  saulaaant  la  protection  raaplratolra  (contamination  sur  la  pas  da 
tlr,  contamination  de  la  oablna  ou  faibla  praaaion  partlelle  d'oxygXne).  Us  lnter- 
viennent  Xgaleaant  comae  intarmXdlairaa  antra  las  sodas  nominal  at  ultlaa  an  oaa  de  de¬ 
viation  haaardeuae  du  scXnarlo  nominal. 

Suit  una  llata  d'XvXnsments  radoutXs  at  daa  prooXdures  da  seoours  aaaociXes.  Cas 
procXdurea,  qui  cons  latent  an  gXnXral  X  rsvetir  la  scapbandre  dana  la  volume  central,  X 
aa  dXplacer,  scapbandre  ouvart,  vara  la  cockpit  puls  X  aa  conneotar,  una  fois  aaaia,  aux 
aourcaa  d' alimentation  d'HETiMES  (oxygXne,  air,  XlectrlcitX,  communications. . . )  permet- 
tant  da  na  pas  ajouter  da  contralntas  d' interface  X  oallas  das  modes  nominal  at  ultlaa. 

Parte  lent a  d'ataoapbire_en  orbits 

Pendant  la  pXriode  de  compensation  de  la  praaaion  cabins  par  las  rXsarv.a 
d'HERMES,  l'Xquipage  lnltialeaent  an  braa  da  cbealsa  revet  la  scaphandre  ^dans  la  vol oaa 
central,  pula  aa  daplaoe  vara  la  cockpit  oil  11  aa  aat  an  configuration  prat  pour  la  lode 
ultlaa.  La  durXe  d'hablllage  eat  1'XlXaent  critique  qui  dlaansionne  la  Cults  aaxlaaie 
tolXrXa. 

Contamination  en_orblte 

GrXce  X  l'utlllaatlon  d'un  masque  X  oxygXna  offract  una  protection  immediate,  le 
scapbandre  ast  revetu  dana  la  volume  oentral.  L'Xquipage  rejoint  ensulta  le  cookplt 
d'ou  11  prooXde  aux  operations  de  purge. 
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Jraouation_au  sol  jn_«bli£ci  oontamlnda 

trust  la  lanaamant  ou  aprds  l'attarrlsaaga,  l'dqulpaga  «o  aoapbandra  ddoocnaota 
l’ombllioal,  oa  qui  aat  an  aarrloa  la  boutallla  d'oxygdna  portabla  dont  l'amtooomla 
oourra  la  durda  da  l'draouatlon. 

La  tablaau  ol-daaaoua  raaaaabla  laa  dlffdranta  modaa  opdratolraa  du  aoapbaadra  aa- 
loo  laa  conditions  d'anrlronnamnnt  dana  HERMES  at  talon  l'aotlrltd  daa  apatlooautaa  i 
oabilleal  ’connaotd*  aaala  dana  la  eookplt,  oabllloal  "ddooonaotd"  pour  laa  ddplaca- 
aanta  ats  oablna. 
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Tablaau  8  :  limitation  du  scapbandra  dana  aaa  dHMranta  modaa  opdratoima 
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Staat  donnd  l'dtandua  du  doaalna  da  rol  da  1'arloB  apatlal  HERMES  lanod  par  Arlana 
5.  alnai  qua  l'dtandua  du  doaalna  d'djaotlon,  la  port  prdrantlf  par  l'dqulpaga  da  aea- 
pbandras  a  praaalon  totala  aat  una  aaaura  lndlapanaabla ,  aolt  pour  aaaaolr  la  orddlbl- 
lltd  d'una  oapaula  djaotabla  1  M  «  7  -  Z  ■  60  km,  aoit  oonma  partla  intdgraata  d'un 
ayatdma  d'djaotlon  plua  ldgnr  off rant  una  protaotlon  aolndra. 

Laa  fonotlona  qua  dolrant  raapllr  laa  aoapbandraa  oonqua  oonma  daa  dqnlpaaants  da 
aurrla  aont  arant  tout  dua  fonotlona  da  aurrla  ■  aalntlan  da  la  praaalon  totala,  four- 
nltura  d'atmoaphdra  raaplrabla.  La  aurrla  da  l'dqulpaga  an  aoapbandra  axlga  dgaleaant 
qua  eelui-ol  aolt  oapabla  d'sxdoutar  laa  aanoaurrea  ndcnssalrna  A  aa  sauvagarda  i  pllo- 
taga  d' HERMES  Jusqu'A  l'attarrlaaaga,  opdrstlon  du  aoapbandra.  S'ajoutant  dona  daa 
fonotlona  da  oonfort,  d'anrlronnaaant ,  d'argononla  -  mobllitd,  dnxtdrltd,  rlalbilltd  - , 
d’ Information  at  aoamunloatlona . 

Enfln,  la  aoapbandra  dolt  Itra  oonpatlbla  d'autraa  fonotlona  tallaa  qua  protaotlon 
antl-g,  flottabllltd  lndlrldualla,  harnala  da  adourltd  pour  laaquallaa  11  oonatltua  un 
aupport  d ' Integration  Judloleuz. 

Flnalamant,  at  o'aat  It  qua  rdalda  l'aaaantlal  daa  dlffloultda,  11  a'agit  d'lntd- 
grar  la  ayatdma  aoapbandra  dana  l'arlon  apatlal  auaal  blan  du  point  da  rua  daa  lntarfa- 
oaa  qua  du  point  da  rua  daa  proodduras.  La  pblloaopbla  d'  Integration  rataana  aat  la 
aulranta  ■  dtant  donnd  laa  aultlplaa  radondancaa  d'HERMES,  la  aoapbandra  aat  na  dqulpa- 
aaot  d'ultlae  aaooura,  una  ultima  radondanoa.  II  aat  done  optlaiad  pour  oourrlr  l'drd- 
namant  radoutd  majaur  qui  aat  la  parta  da  praaaurlaatloo  du  eookpit.  La  rapidltd  da 
dirarganoa  das  drdnamants  radoutda  pandant  laa  pbaaaa  ataosphdrlquaa  lnpoaa  la  port 
prdrantlf  du  aoapbandra  at  orda  alnai  la  ndoaaaltd  d'un  moda  nominal  arao  aaa  baaolna 
opdratlonnala  lndrltablaa.  Entra  oas  dauz  modaa,  ultima  at  nominal,  azlata  ama  multl- 
tuda  da  altuatlona  ddgraddas  qua  l'on  propose  da  oourrlr  par  daa  proodduras,  fuaaant- 
allaa  contra  1 gnantaa ,  plutdt  qua  par  dan  dqulpementa  auppldmantalraa  allant  a  l'anoon- 
tra  daa  axlganoaa  d'un  aystdma  da  adourltd  i  almplloltd  at  flabllltd. 
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CREW  ESCAPE  PHILOSOPtTT 


Safa  craw  aacapa  fro*  spacecraft  is  extremely  difficult  to  engineer  and  has  large  cost# 
■ass  and  safety  implications*  Because  of  these  factors,  a  calculated  risk  wa* 
apparently  taken  not  to  provide  other  than  the  moat  rudimentary  means  of  crew 
protection  for  space  programmes.  This  has  been  true  for  all  programmes.  Infact  the 
apparent  logic  adopted  is  analogous  to  aircraft  programmes  in  which  only  the  prototype 
is  fitted  with  ejection  seats  to  protect  the  craw  in  the  high  risk  phase  of  the  early 
flight  test  prograstme.  Production  versions  are  designed  for  maximum  reliability  and 
safety  short  of  providing  for  crew  escape.  A  calculated  risk  is  taken  that  on-balance 
it  is  acceptable  to  risk  the  loss  of  aircraft  and  possibly  the  occupants  than  introduce 
the  massr  cost  and  complexity  of  a  crew  escape  system.  The  manned  space  programs, 
being  an  extension  of  aviation  technology,  apparently  adopted  this  well  trlec  and 
logical  philosophy  and  this  proved  acceptable  -  until  the  Challenger  tragedy.  With  the 
exceptionally  high  visibility  of  the  space  programme,  it  is  now  clear  that  the  use  of 
this  previously  acceptable  logic  is  invalid  and  provision  must  be  made  for  crew  escape. 

WHAT  CAW  BE  DOTE? 

a)  Off-the-shelf 


The  Initial  reaction  to  Challenger  was  to  see  if  an  off-the-shelf  solution  to  the 
problem  was  available.  This  reaction  was  noted  in  all  space  agencies,  not  just 
NASA,  as  the  general  problem  of  providing  crew  escape  was  reconsidered.  It  has 
taken  several  years  for  the  space  community  to  begin  to  come  to  terms  with  the 
inadequacy  of  off-the-shelf  equipment  which  is  designed  for  a  totally  different 
requirement.  Some  of  these  requirements  are  as  follows* 

i)  Limited  Performance 

The  0-0  to  600  knot  up  to  50,000  feet  ejection  envelope  is  too  small  to  be  of 
real  value  for  spacecraft  crew  escape. 

11)  Slxe  Adjustable 

Seats  are  adjustable  for  a  wide  range  of  occupants,  whereas  the  spacecraft 
seat  occupant  is  clearly  identified  long  before  the  mission,  thus  enabling  the 
seat  to  be  tailored  to  the  occupant. 

iii)  Field  of  View 

All  round  visibility  essential  for  combat  aircraft  is  not  required  for 
spacecraft,  enabling  a  more  advantageous  distribution  of  seat  subsystems  for 
spacecraft  use. 

lv)  Durability  and  Serviceability 

An  ejection  seat  needs  to  withstand  abuse  especially  during  combat  operations 
and  must  be  easily  serviced.  A  spacecraft  ejection  seat  will,  it  is  hoped,  be 
treated  rather  better  enabling  lighter,  less  durable  materials  to  be  used  In 
its  construction. 

In  summary,  the  ejection  seats  are  designed  for  a  very  different  scenario  and  the 
design  comproeiises  which  are  acceptable  for  military  aircraft  render  them 
unsuitable  for  spacecraft  use.  Despite  these  major  shortcomings,  two  near  term 
programmes  will  still  use  off-the-shelf  ejection  seats. 

b)  extraction  Systems 

The  use  of  existing  extraction  systems  to  pull  the  crew  from  the  spacecraft 
presently  presupposes  that  time  is  available  and  the  vehicle  is  stable  enough  for 
an  orderly  escape.  The  performance  envelope  of  extraction  systems  is  also  very 
small,  reducing  their  value  for  spacecraft  crew  escape.  Over-the-side  bale  out 
falls  into  the  same  category,  except  that  performance  is  further  limited  to  low 
speed  stable  flight. 

c)  Tailored  Conventional  Ejection  Seats 

An  alternative  to  the  use  of  off-the-shelf  ejection  seats  is  the  adaptation  of  an 
existing  ejection  seat  to  optimise  its  design  for  use  in  spacecraft.  This  could  be 
achieved  by  the  deletion  of  non-assential  functions,  such  as  vertical  seat 
adjustment,  in  order  to  minimise  installed  mast.  The  ejection  performance  envelope 


cun  also  be  Increased  slightly  by  the  use  of  Improved  limb  restraint  sad  some 
windblast  protaction. 

In  gsnsral,  howevsr,  asat  performance  can  only  ba  increased  to  tha  peasant  opan 
ejection  saat  Halts  of  100,000  fast  and  Mach  3.  Tha  gains  of  such  tailoring  ara 
expected  to  ba  raalisad  by  a  raduction  of  lnstallad  aass  and  possibly  iaprovad 
packaging  of  subsystaas  to  provide  a  better  cabin  interface. 

d)  Crew  Module  Escape  System 

Several  projects  have  considered,  or  ara  considering,  tha  adoption  of  crew  aodules, 
in  which  a  portion  of  tha  fuselage  containing  tha  craw  cabin  is  ejected  and 
recovered.  Such  an  approach  offers  potentially  excellent  iaprovenents  in  tha  high 
spaed,  high  altitude  reglae,  but  introduces  difficulties  In  the  low  level,  low 
spaed  case.  A  crew  nodule  nust  be  separated  from  the  parent  vehicle  by  severing 
every  interconnection,  increasing  the  conplexity  of  these  connections  for  aoraal 
operations.  A  large  and  heavy  propulsion  system  is  required  to  propel  the  vehicle, 
which  must  then  be  stabilized  and  finally  recovered  under  large  parachutes.  Impact 
attenuation  and  flotation  must  be  catered  for  to  protect  the  crew  on  landing. 
Although  such  a  system  offers  many  advantagss,  it  represents  a  highly  complex  and 
heavy  solution  which  has  a  significant  Impact  on  the  vehicle  payload. 

e>  Individual  Crew  Hsctlon  Seats 

Hermes  programs*  management  are  fully  addressing  the  subject  of  safety  sad  are 
investigating  all  of  the  options  for  crew  escape.  To  this  end,  they  have  issued 
study  contracts  fo.  various  of  the  above  options  and  have  notad  the  factors 
mentioned.  To  complete  their  etudlee,  Martin-Baker  was  issued  with  s  feasibility 
study  contract  in  February  1989  which  will  be  completed  in  early  May.  The  general 
design  requirement  is  for  individual  ejection  seats  capable  of  providing  safe 
escape  from  the  launch  pad  to  an  altitude  of  60  km,  speed  of  Mach  6.5  and  maximum 
dynamic  pressure  equivalent  to  600  knots  at  sea  level.  During  the  landing  phase, 
recovery  is  required  from  60  ka  down  to  landing.  Escape  on  the  launch  pad  must 
result  in  the  crew  descending  on  fully  open  parachutes  at  least  one  kilometre  from 
the  launch  tower. 

Hermes  has  s  craw  of  three,  two  pilots  seated  slde-by-slde  and  a  crewmember,  seated 
directly  behind  the  pilots.  The  spaceplane  is  mounted  on  top  of  an  Arian  5  booster 
for  launching  into  space.  Re-entry  le  as  a  glider  with  control  being  provided 
conventionally  by  the  two  pilots. 

Throughout  the  study,  the  prime  requirement  for  minimum  mass  has  been  paramount, 
together  with  the  safe  operation  of  the  escape  system. 

Our  initial  studies  have  quickly  Identified  the  need  for  encapsulation  to  protect  the 
ejects#  from  kinetic  heating  during  high  speed  escape  rather  than  for  wlndblast 
protection,  although  this  too  is  s  factor. 

Me  have  endeavoured  to  minimise  the  escape  system  design  Impact  on  Hermes  by 
simplifying  the  Installation,  rstainlng  pilot  field  of  view  and  ejecting  the  crew 
through  the  smallest  apperture.  Me  believe  that  our  proposed  preliminary  design  meets 
most  of  thsse  objective*. 

From  the  various  trade  studies  which  have  been  made  during  the  feasibility  study,  we 
have  selected  the  following  system  which  currently  appears  to  offer  the  optimum 
solution. 

FHEUMIHAHT  DHSIGM  DESCRIPTION 


General  Description 

It  Is  proposed  that  each  crewmember  be  provided  with  an  encapsulated  ejection  seat 
which  also  provides  the  function  of  crew  seat  for  normal  operations  (figure  1). 

Structural  Interface 


The  ejection  seat  would  be  mounted  on  guide  tubes  which  extend  from  the  cabin  floor  to 
roof.  The  upper  ends  of  the  guide  tubes  attach  to  cross  tubes  extending  across  the 
upper  part  of  the  cabin. 

These  guidetubes  would  also  act  as  ejection  guns  as  they  Incorporate  inner  piston 
tubes,  the  upper  ends  of  which  engage  In  a  latch  at  the  top  of  the  ejection  seat.  On 
ejection,  the  guldetube/e jectlon  guns  pressurize  causing  the  inner  piston  tubes  to  rise 
propelling  the  seat  up  the  outer  guidetubes  which  would  remain  in  the  cabin. 

Location  and  Adjustment  of  Crewmember 

The  crewmember  would  be  seated  on  specially  moulded  Inserts  which  correctly  position 
him/her  in  the  cabin.  No  vertical  adjustment  is  provided.  With  so  fsw  astronauts,  for 
which  ths  anthropometric  data  is  well  known,  we  see  no  advantage  In  providing  heavier 
electro/mechanical  seat  adjustment. 
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Because  the  pilots  nay  need  to  lean  forward  to  adjust  the  controls ,  shoulder  harness 
retraction  is  proposed.  This  will  enable  forward  movement  with  acceleration  locking 
and  with  ballistic  retraction  prior  to  ejection. 

The  tilt  facility  to  raise  the  crew's  heads  to  withstand  acceleration  during  launch  can 
be  provided  by  manually  tilting  the  sitting  platform  within  the  capsule  and  not  by 
tilting  the  seat  as  a  whole.  This  is  expected  to  provide  the  required  positioning  for 
the  lightest  mesa.  On  ejection,  a  simple  ballistic  actuator  would  retract  the  occupant 
sitting  platform  to  the  correct  position. 


rs 


FIGURE  1 


Escape  Parameter  Definition 

taring  the  feasibility  study,  we  have  considered  only  the  specified  operating  envelope, 
i.e.  zero-zero  to  60  km  at  Mach  6.5.  Extension  of  this  envelope  will  be  considered 
when  the  basic  design  has  been  fully  established.  At  the  present  time  limits  are 
expected  to  be  set  by  the  capability  of  the  retardation/stablization,  thermal 
protection  and  life  support  systems. 

Human  Engineering 

The  ejection  seat  is  being  designed  to  include  the  full  range  of  percentiles  wearing 
the  light  pressurized  Intra  Vehicular  Activity  (IVA)  suit.  The  detailed  study  will 
form  part  of  the  second  phase  of  the  feasibility  study. 
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■or— 1  Ocx  rat  lag  gtgiirgMBti 

The  design  would  take  full  consideration  of  the  normal  operating  requ l rmnti.  During 
the  preliminary  study,  it  became  apparent  that  lngraaa  and  agrasa  to  tha  pilot  Mats 
would  raquira  vary  caraful  dasign  conaidarat ion ,  aa  tha  cabin  la  positioned  "on-sad*  In 
tha  launch  attitude.  It  will  ba  of  apaclal  importance  to  provide  rapid  egress  in  tha 
eskergency  case.  We  are  reviewing  several  options  including  dropping  one  pilot  seat 
back  on  shock  struts,  the  crewmember  seat  being  installed  to  one  side  for  this  purpose. 
Alternatively,  all  seats  could  swing  down  towards  the  "upright"  position. 

Emergency  Escape  Initiation 

Ejection  initiation  presents  a  major  design  difficulty,  as  this  function  cannot  be  left 
to  the  crew  as  In  military  aircraft.  In  many  scenarios  the  crew  will  receive  little 
definite  information  to  indicate  the  possible  need  to  eject.  The  time  takes  for  a 
problem  to  become  a  catastrophe  may  well  be  too  short  and  present  insufficient  severity 
indications  to  enabls  the  crew  to  react  and  make  a  decision  to  Initiate  ejectiom  before 
an  explosion  occurs.  We  have  therefore  studied  the  three  prime  eecape  initiation 
methods  as  follows* 

a)  Automatic  Ejection 

A  signal  would  be  requlrsd  to  be  sent  by  the  spacecraft  system  (computer)  to 
initiate  crew  ejection  on  the  launch  pad.  The  parameters  under  which  ejection 
would  be  Initiated  must  be  determined  by  the  prime  Contractor,  aa  will  tha  method 
of  generating  and  transmitting  the  aignel.  In  order  to  respond  to  the  ejection 
signal,  the  seat  aequencers  will  need  to  be  active  requiring  a  power  supply  froei 
the  apacecreft,  via  a  battery,  to  ensure  power  supply  continuity  in  the  event  of  s 
spacecraft  power  failure.  The  use  of  one  master  ejection  sequencer  with  slaved 
aequencers  on  the  two  remaining  aeata  is  being  considered  in  order  to  reduce  costs 
and  to  provide  a  central  control  for  ajection  sequencing. 

b)  Ground  Control  Initiated 

The  requirement  to  initiate  a  Command  Ejaction  by  Ground  Control  la  also  considered 
likely,  especially  If  the  crew  is  incapacitated,  and  could  presumably  utilize  the 
same  signalling  circuits  as  the  automatic  systam. 

c)  Crew  Initiated 

Individual  ejection  lnltation  li  considered  meet  likely  to  be  required  by  the  two 
pilots.  It  was  fait  that  pilot  Initiated  ejection  weald  be  most  likely  to  occur 
during  the  flnel  phase  of  recovery  when  problems  were  encountered  on  the  landing 
approach.  Seat  firing  handles  would  need  to  be  designed  with  maximum  safety  in 
mind  and  must  not  be  prone  to  enagging. 

The  ejection  controls  could  be  incorporated  in  the  arm  rests  and  asrve  the  dual 
purpose  of  hand  gripe  which  the  ejectae  can  hold  to  restrain  the  arms. 

WOOE  Of  OPERATIC* 


Initiation  phsws 
Launch  Phasm 

Initiation  would  be  automatic  via  the  main  computer  control.  Alternative  ground 
control  can  remotely  initate  ejection.  The  pilots  would  have  an  ability  to  imitate  a 
sequenced  ejection  at  all  times  if  the  system  was  armed. 

Dormant  Phase 

The  escape  system  would  be  automatically  de-activated  above  the  ejection  operational 
limit  to  prevent  accidental  Initiation  during  the  mission. 

*m-wntry 

At  a  point  to  be  determined,  the  system  would  be  automatically  a  mod  to  enable  ejection 
Initiation.  Ejection  is  most  likely  to  be  initiated  by  either  pilot  during  re-entry, 
with  automatic  or  ground  control  Initiation  less  likely. 

The  rear  crewmember  should  be  positioned  for  ejection  at  all  times  that  the  system  is 

armed. 

Pre-election  Action 


In  the  launch  phase,  the  crewmembers  are  passengers  and  could  therefore  sit  with  arms 
and  legs  in  the  ejection  position  and  could  have  the  clamshell  closed  to  save  time.  In 
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the  re-entry  phase,  the  pilots  will  nssd  to  have  full  access  to  the  controls  and 
instruments  and  therefore  must  have  the  clamshell  open*  Because  of  the  re-entry  phase 
requirements,  it  would  be  necessary  to  have  a  clamshell  closure  device  and  therefore 
little  or  no  advantage  is  seen  in  having  the  clamshell  closed  for  launch,  as  in  any 
case  it  is  likely  that  this  would  be  unacceptable  to  the  crew* 

In  order  to  save  weight,  it  is  proposed  to  dispense  with  restraint  systems  and  require 
that  the  pilots  place  their  feet  on  foot  rests  within  the  capsule  and  grasp  the  arm 
rest/ejection  controls  before  seat  initiation*  Por  the  launch  phase  where  romote 
Initiation  would  probably  occur,  it  will  be  essential  that  the  crew  bo  in  the  eject 
position* 

A  shoulder  harness  retraction  unit  will  be  provided  as  the  pilots  would  be  expected  to 
need  to  lean  forward  to  reach  controls.  Ballistic  retraction  of  the  pilots  shoulders 
will  take  place  as  a  pre-ejection  function.  The  crewmember  may  not  be  provided  with  a 
retraction  device  because  he  could  be  pre-poaitioned  for  escape* 

Electee  Protection 

The  ejectee  would  be  required  to  bring  his/her  feet  back  inside  the  capsule  and  place 
them  into  special  foot  rests  which  secure  the  feet  in  place  and  provide  a  signal  that 
the  feet  are  positioned  within  the  capsule*  The  hands  would  be  located  on  the  armrests 
and  handgrips,  again  providing  a  positive  signal  of  correct,  safe,  c>  aw  positioning* 
On  seat  initiation  the  feet  would  be  locked  in  place  by  sole  latches  (like  ski 
attachments)  and  the  harness  would  tsnsion* 

Various  forms  of  protective  shield  have  been  considered  but,  so  far,  the  best  appears 
to  be  a  laterally  pivoted  clamshell,  the  segments  of  which  slide  up  under  each  other 
for  compact  stowage  above  the  headrest*  On  sjection  these  clamshell  shutters  ars 
balllstlcally  closed  to  protect  the  ejectee*  It  is  not  intended  that  the  capsule  be 
pressurized  as  the  IVA  suit  offers  this  protection  and  the  clamshell  would  be  provided 
to  protect  against  transient  windblast  and  heating  during  the  initial  exposure  of  the 
seat*  Immediately  after  rocket  burn-out,  the  seat  may  be  rotated  to  face  its  back  into 
the  wind  so  that  moat  of  the  windblast  and  kinetic  heating  will  be  taken  by  the  smooth 
rear  of  the  seat*  In  this  position  the  clamshell  would  serve  to  "streamline"  the  seat 
to  reduce  heat  stagnation  at  high  velocities. 

Poliowing  the  receipt  of  information  from  the  Royal  Air  Force  Institute  of  Aviation 
medicine,  it  appears  feasible  from  a  physiological  view  point  to  keep  the  seat  "face 
into  the  wind"*  The  resulting  eye-balls  out  deceleration  of  lOg  for  20-30  seconds  is 
physically  tolerable  and  the  use  of  a  head  support  (inflatable)  would  minislse  head 
nod-  Dispensing  with  the  poet  rocket  burn  rotation  would  certainly  simplify  seat 
ejection  and  control  and  will  be  studied  further. 

Inner  thermal  protection  will  also  be  provided  to  minimise  the  transmission  of  high  (or 
low)  temperatures  to  the  ejectee* 

At  seat/man  separation  after  ejection,  the  clamshell  separates  prior  to  parachute 
Inflation*  This  can  be  arranged  to  coincide  with  increased  deceleration  from  the 
developing  parachute  so  that  the  clamshell  peels  away  and  down  ensuring  no  risk  of 
clamshell/man  collision* 

Ejection  Path  Clearance 

Various  hatch  configurations  are  being  studied  including  individual,  double  for  both 
pilots  plus  single  for  the  crewmember  and  one  large  single  hatch.  Martin-Baker  prefer 
the  single  hatch  concept  if  this  can  be  Integrated  with  the  Hermes  structure.  Hatch 
removal  could  be  by  pyrotechnic  actuators,  (thrusters)  or  rockets.  These  alternatives 
will  be  studied,  but  is  not  seen  as  a  major  risk  srsa  for  ejection. 

Ejection  Gun  Operation 

A  simple  twin  sjection  gun  is  envisaged  to  propel  the  encapsulated  seat  and  occupant 
from  the  cabin  (see  structural  interface). 

Election  Seat  Rocket 

A  single  nozzle  rocket  motor  Is  presently  proposed  which  would  provide  a  two  second 
burn  and  produce  an  acceleration  of  15  g  for  the  light  subject.  The  fuel  weight  for 
such  a  motor  is  expected  to  be  3$  kgs  and  would  be  capable  of  propelling  the  seat  on  a 
1  km  long  horizontal  trajectory. 

Trajectory 

Ejection  from  the  vehicle  launch  position  should  result  In  the  crewmember  reaching  the 
ground  as  far  from  the  vehicle  as  possible  in  the  shortest  time. 

In  order  to  reduce  the  parachute  exposure  to  blast  and  heat,  it  is  to  be  proposed  that 
the  seat  trajectory  be  as  flat  as  possible  with  parachute  opening  delayed  as  long  as 
possible  (see  figure  2). 


1  o  MATCH  JETTISON 

O  EJECTKIN  GUN  SEPARATES 
O  ROCKET  MOTOR  FIRM 


2  O  ONE  3E  CONO  ROCKET  BURN  WITH 
ACTIVE  STEERING 


3  O  CAJ»3ULE  ROTATES  AS  BALLUTE  «  OEPLOYED 
O  ONLY  SINGLE  BRiOLE  RETAINED 


4  O  LOW  DRAG  BALLUTE  STABILIZES 

SEAT  BUT  MAINTAINS  SEAT  INERTIA  FOR 
LONG  TRAJECTORY  THROW 


7  o  parachute  fully  open  for  descent 
flOOm  FROM  HERMES 


FIG  WE  2 


Trajectory  Control 

Trajectory  control  will  be  by  gyro  controlled  nozzle  vectoring  aa  used  in  Missile 
applications*  Information  on  suitable  nozzle  steering  systems  has  been  obtained  and  is 
being  studied  for  integration  into  the  escape  system. 

Stability 

Low  Level 

Any  stabilising  surfaces  must  be  of  low  drag  in  order  to  retain  momentum  for  the 
maximum  trajectory  throe.  A  low  drag  ballute  would  offer  the  necesaary  stability  with 
minimum  drag  during  the  majority  of  the  seat  trajectory.  It  Is  then  proposed  to 
release  the  ballute  and  deploy  a  high  drag  ribbon  drogue  to  extract  the  personnel 
parachute . 

Rid/High  Level  and  Speed 

The  use  of  a  low  drag  ballute  type  drogue  will  be  Investigated  to  determine  the  beat 
method  of  providing  stability  and  deceleration  at  high  speed  and  altitude.  Aerofoils 
are  expected  to  be  unsuitable  at  high  aach  numbers  due  to  kinetic  heating  which  is 
expected  to  burn  away  any  protuberances  from  the  seat  outer  envelope.  Ballute 
technology  is  well  understood  and  appears  capable  of  extension  to  Mach  6-7,  assuming 
that  the  high  stagnation  temperatures  of  1350°C  can  be  tolerated.  Similar  Ballute 
studies  are  being  conducted  to  stabilize  the  Hermes  Crew  Module  and  therefore  data 
could  be  read  across. 

Parachute  Deployment 

Alternative  methods  of  parachute  deployment  are  being  considered.  The  use  of  the 
drogue  to  deploy  the  parachute  will  minimise  weight  and  should  be  satisfactory  in  the 
launch  pad  case  in  view  of  the  high  velocities  generated  by  the  propulsion  system. 
There  will  never  be  a  'zero-zero*  ejection  situation  as  parachute  streaming  will  always 
take  place  in  a  high  relative  wind  due  to  the  high  performance  of  the  seat  rocket. 

At  high  altitudes,  parachute  deployment  will  be  delayed  until  5,000  metres  altitude 
(see  figure  3). 


The  fall  back  method  will  be  parachute  extraction  by  rocket  as  on  Martin-Baker's  United 
States  Navy  Aircrew  Common  Ejection  Seat  (NACES). 
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3  0  BALLUTE  DEPLOYS 

O  ALL  8f.  IDLES  CONNECTED 
O  CAPSULE  ROTATES 


4  O  CAPSULE  POSITIONED  FOR  BEST  HEAT 
ANO  Q  PROTECTION 


5  O  BALLUTE  STABILIZES  SEAT  SUT  PERMITS 
RAPID  DESCENT 


6  O  BALLUTE  RELEASED  ANT  DROGUE  DEPLOYED 
AT  LOWER  LEVEL  TO  SLOW  CAPSULE  FOR 
PARACHUTE  DEPLOYMENT 


7  O  BRIOLE  RELEASE  ROTATES  CAPSULE  TO 

UPRIGHT  POSITION  FOR  MAJORITY  OF  DESCENT 
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8  O  CLAMSHELL  SEPARATES  ANO  PARACHUTE 

EXTRACTED  BY  DROGUE  AT  5000  METRES  ALTTTUOE 


Seat/Man  Separation 

Martin-Baker  believe  that  it  is  prsfsrabls  that  the  ejectee  separate  from  the  seat  at 
parachute  opening.  The  reasons  for  this  preferance  arss 

a)  A  saallar  lighter  parachute  could  be  used  as  It  would  not  be  required  to  suspend 
the  encepsulted  seat  weight. 

b)  Ho  lap act  attenuation  devices  would  be  required. 

c)  The  ejectue  would  automatically  separate  and  not  have  to  separate  manually. 

d)  Ambient  air  breathing  could  be  used  via  an  anti-suf focatlon  valve,  reducing  the 
amount  of  oxygen  to  be  carried. 

e)  Adequate  thermal  protection  could  probably  be  provided  by  the  reflective  suit. 

BOWMKT 


The  above  describes  the  currently  preferred  option  from  among  the  designs  so  far 
studied.  We  shall,  however,  continue  to  study  alternatives  for  seat  design  to  identify 
systems  which  offer  the  best  possible  approach  with  minimum  design  risk. 

Martin-Baker  will  continue  to  study  the  overall  design  and  also  initiate  more  detailed 
studies  of  the  main  elements,  such  as  drogue  stabilisation,  temperature  extremes 
protection  and  rocket  motor  thrust  vectoring.  We  shall  also  initiate  the  study  of 
programme  management  and  the  testing  and  qualification  of  such  a  system. 

It  is  already  apparent  that  the  test  programme  would,  at  some  point,  require  testing  of 
the  seat  under  actual  conditions,  if  the  required  level  of  confidence  is  to  be 
achieved. 

The  Hermes  Management  Team  are  meeting  the  crew  safety  challenge  by  initiating  and 
funding  wide  ranging  feasibility  studies.  They  are  placing  equal  emphasis  on  the  Crew 
Escape  Module  concept  and  this  study  is  also  most  promising.  Hermes  has  the  enormous 
advantage  of  hindsight  which,  we  all  know  is  perfect,  and  this  valuable  experience  is 
being  put  to  good  use.  We  believe  that  this  pioneering  work,  whether  by  CBM  or 
encapsulated  ejection  seats  (or  a  combination?) ,  can  provide  an  effective  and  efficient 
means  of  safe  crew  escape.  Such  a  valuable  prize  will  however  not  be  obtained  without 
continuing  to  commit  the  necessary  resources  and  dedication. 
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